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FOREWORD 



It is expected that this methodology handbook will be of considera,ble aid 
to State and local school officials in preiiaring long-range enrollment estimates. 
A lead time of several years is often required to build or enlarge facilities, 

obtain staff, and plan educational programs. 

Dr. A. J. Jaffa, Director of the Manjiowcr and Population Program of 
Columbia University’s Bureau of Apiilied Social Research, is a well-known 
demograiiber and statistician. Among bis many writings is the Handbook of 
Statistical Methods for Demographers, published by the U.S. Census Bureau (and 
issued by the Government Printing Office in 1961). Any reader who is inter- 
ested in pursuing the various methodological problems of making jirojections 

could profitably refer to this earlier volume. . • ■ 

Dv Jaffe introduces in the present volume a variety of statistical methods 
which arc applicable to different situations. The author suggests the use of 
several procedures which may be most appropriate under different conditions 
in a school district, but the reader must select the procedures which appear to 
him to be most useful for his situation. Local conditions are so variable that 
no hard and fast and immutable “rules” can be laid down. Each official using 
this volume must take into consideration his knowledge about his State or 
local conditions, select the method — or methods — which he wants to use to 
make forecasts, and then interpret the resulting statistical projections in light 
of his intimate knowledge of his particular conditions. Fortunately, enough 
States and local school districts have enough in common so that a few general 
procedures will fit most projection needs. 

Joseph Froomkin, 

Assistant Commissioner for Program Planning and Evaluation, 

0-ffice of Education. 
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PREFACE 



Stiitc and local school oiricials need estimates of long-range fntvire enroll- 
ment in i)nbli(^ schools for a variety of planning i)nri)oses. Accordingly, wo are 
here i)resenling an array of statistical procedures which can he used for making 

projections a decade or longer into the future. „ , , , . , ,p, 

There is no statistical formula which will foretell the future precisely. I he 
best that we can hope to altain is some reasonable estimate which may serve 
as a basis for drawing iilnns for construction, recruitment of teachers, and so 
forth. The statistical jircccdures for obtaining this “reasonable estimate vary 
greatly from one State or local school district to another insofar as the history, 
conditions, and information available for each area are different from others. 
Therefore, we present a variety of methods with suggestions as to the type of 
condition under which each may be most apiiropriate. l he State and locin 
school officials must then choose that method, or methods, which seems inos 

suitable for thei’- sjiecific local conditions. ... 

After aiiplying that “best” procedure and obtaining a long-range projec- 
tion, State and local school officials must then evaluate the statistical results 
in light of all their knowledge of the local community. No statistical formula 
can take into consideration every item of knowledge avaih^lc to the local 
residents. Therefore the judgment of the State and local officials, based on 
their intimate knowledge of local conditions, must be aiijihcd to an api>raisnl 

of any statistical results. , 

This Handbook is organr/ed ns follows: In chajiter 1, we make some 
general observations on statistical projections. In chapter 2, we examine the 
histoiy of local school districts in the United States in an effort to appraise 
the general jiroblem of av./.ying statistical projection techniques to tliem. 

Chapters 3 and 4 jiresent some summary materials on the procedur^ oi 
making shortrun projections. All of these methods have been use y oca 
school districts and States, and work well in the short run. However, they ar 
of questionable value for longrun projections. ^ ^ ^ ^ 

In chapters 5, 6, and 7, we discuss methods for making unified projections 
for the State and all its political units. We reason as follows: It is relatively 
easy to make reasonably accurate projections for a State since it is sjmi a 
large unit. True, some States, such ns California, pose methodological problems 
because of the unusually large number of in-migrants; nevertheless it is easier 
to estimate future migration into the entire State than into any par icu ai j) i 
of it. Therefore, we first project school enrollment for the entire State. 

We also know that the total number of pupils enrolled V° 

public schools of the State must equal the total number enrolled in the State. 
Therefore, we can use the projected number in the State as a standard in calcu- 
lating the projected number in each local political unit. By equating the suin 
of the local units with the State total, we reduce the average error in eac 
|)olitical subunit. Chapter 5 contains a discussion of this. ^ ^ 

Not all States will projiare unified projections for their subdivisions. 
In some cases, local school districts will find it necessary to pi^epaie 
projections. Ciiapter 8 jiresents some materials which will aid the local districts 



O 

ERIC 






V 



to make long-range projections. We prefer the unified projections, but if they 
are not available, then the procedures outlined in chapter 8 can be substituted. 

Finally, several appendixes are included, containing additional method- 
ological materials. 



Dn. A. J. Jappe, 

Director oj the Manpower and Population Program, 
Columbia University, Bureau oJ Applied Social Research. 
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Chapter 3 



SHORT-RANGE SCHOOL ENROLLMENT 
PROJECTION TECHNIQUES: COHORT-SURVIVAL 



Perhaps one of the most frequently used tech- 
niques in the projection of school enrollments is 
the cohort-survival or grade persistence method. 
The technique derives its name from the use of 
grade- to-grade survival or persistence ratios, 
easily computed from historical series of enroll- 
ment by individual grades — data which most local 
school districts and State departments of education 
should have on hand. 

Basically, only two inputs are required to make 
enrollment forecasts using the technique. The 
first is the number of residential birtlis for the 
State or local school district, which is obtained 
from vital statistics data compiled by local or 
State boards or departments of health. The second 
is the array of projections of grade-to-grade sur- 
vival ratios; for example, the probabilities or 
chances of a given cohort of new enrollees “sur- 
viving” from birth to kindergarten, or from fifth 
to sixth grade. The grade-survival ratios may be 
less or more than one, or unity. Grade-suivival 
ratios of less than one indicate the net effects 
of deaths, out-transfers to private schools, net 
out-migration from the community, or dropouts. 
Grade-survival ratios of more than one indicate the 
net effects of in-transfers from private schools and 
net in-migration into the State or community. 
Projections of enrollments are made by applying, 
consecutively, the individual grade-to-grade-sur- 
vival ratio to each entering cohort — for example, 
new enrollees in kindergarten to first grade. 

The simplest version of the cohort-survival 
method can be illustrated as follows: Suppose 
that in 1960, 1,000 infants are born in commimity 
X. In 1965, 800 enter kindergarten. The survival 
ratio from birth to kindergarten is 800 divided by 
1,000, or .80. 

Next, suppose that in 1965 there were 600 
children in kindergarten, and in 1966, 650 in first 



grade. The survival ratio from kindergarten to 
first grade is 1.083. 

These ratios can be calculated between each 
two grades all the way to graduation from high 
school — completion of the 12th grade. 

Furthermore, in an effort to obtain more stable 
ratios, the numbers can be averaged for several 
years. Thus, in the appended article, “Con- 
necticut’s Need for New Teachers, 1968—1982, 
5-year enrollment averages were used (table 4 of 
article) . 

Long-Range Projection Difficulties 

Long-range projections can be made by simply 
continuing the process of appl^ng the survival 
ratios until, at least, those alive at the initial 
date have completed the 12th year of school; 
the arithmetic is simple. One major problem 
which aiises in making long-range projections is 
that of estimating future numbers of births in 
order to begin the successive entry cohorts, for 
example, the numbers in kindeigai-ten or first 
grade at each successive year. This is a complicated 
job, and to do it properly requires more pereonnel 
and machine resources chan most school districts 
have available. On the other hand, the methods 
to be proposed in chapters 5 to 8 make full use of 
the long-range population projections which the 
Census Bureau has prepar^, thus greatly mini- 
mizing the work required at the local level. 

A second major problem is that of estimating 
the future population of school-going-age which 
will live within that school district. Simple 
extrapolation of the survival ratios assumes that 
there will be no drastic changes in the vohune or 
direction of migration. Yet extensive in- or out- 
migration can affect the survival ratio. (Drastic 
change in the balance of public and private 
school enrollment can also alter the survival 
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ratio.) One way of trying to deni with this problem 
is to a|)])ly linear regression techniques, ns shown 
in the appended paper by the Southern Regional 
Education Board. If the community 1ms had 
e.xteusivc iu-migration during the past decade or 
longer, for example, then the regression line will 
project increasing survival ratios in future years; 
if there has been out-inigratiou, it will project 
decreasing survival ratios. In short, linear re- 
gression assumes that future migration patterns 
will be similar to those in the past. 

Unquestionably, migration is, at least, as 
difficult to extrapolate as are the numbers of 
future births. It becomes even more difficult to 
do so when a small geographic entity, as a local 
school district, is treated by itself, and without 
taking into account its relationship to the larger 
geogi’aphic unit — county, standard metropolitan 
area, or State — of which it is n part. By utilizing 
the ])opulntion projections for States which the 
U.S. Census Bureau has prepared, in the manner 
suggested in clui])ters 5 to 8, the local school 
district is projected within the framework of the 
county and the State. Thus, the migration element 
in the future population is morelikelj' to be taken 
into account. Mechanical projection of ])ast 
trends without taking into account the relation 
of the school to the county and State of which 
it is a part, can lend to the nnomnl}' illustrated 
below with the following hypothetical, but not 
unlikely case: 

1. School district x contains 26,000 pojjulntion 
in 1970. 

2. County X of which it is a part contains 
100,000 persons in 1970. 

3. During the 10 yenre preceding, school 
district x grew at a rate of 10 percent 
a year, and the county as a whole at a 
rate of 1 percent a year. 

4. Projecting these rates of growth we have: 





lu years 


15 years 


20 years 




ahead 


ahead 


aliead 


Scliool distriet x 


C5»000 


105,000 


168,000 


County X 




110,000 


122,000 



It is highly unlikely that the school district 
will have as large a population ns does the entire 
county, some 16 or 17 years hence. Whnt seems 



more likely is that during the particular decade 
under study, 1960 to 1970, that portion of the 
county containing school district x hn])pened to 
receive a large number of migrants, perhaps ns 
overflow from a neighboring Inige central city. 
During the next decade, 1970 to 1980, there is 
no reason to believe that the school district will 
continue that rajud rate of growth, unless there 
are factor’s which will lend to rapid population 
growth in the entire county. This is the sense 
in which projections of a smaller geographic area 
within the framework of a larger area are likely 
to be more accurate. 

Appended Articles* 

“Connecticut’s Need for New Teachers, 1968- 
1982” by Maurice J. Ross (Hartford: Connecti- 
cut State Dejjartment of Education, Research 
Bull. No. 3, Ajrril 1967), illustrates the applica- 
tion of the cohort-survival technique to an entire 
State to project about 15 years. The numbers 
of classrooms and teachere to be needed are 
derived from these projected enrollments. These 
projection techniques can be applied to a single 
school district, as is shown in the sheets provided 
by the Connecticut State Department of Educa- 
tion, Bureau of Research, Statistics and Finance, 
and entitled “Instructions for Using the Estimate 
of Future Enrollments,” Exhibit 1. 

The paper “The Cohort-Survival Method” 
prepared by the Southern Regional Education 
Board, illustrates how projected survival ratios 
can be modified by means of linear regression 
methods. These modifications are called the “ratio 
method” in that paper. Note that judgmental 
decisions are needed in projecting survival ratios; 
mechanical projection alone, by means of a re- 
gression formidn, can lend to trouble. 

The last paper, the Harvard Graduate School 
of Education study, depicts the detailed steps 
in the development of enrollment forecasts for 
Watertown, Mass., utilizing U.S. Census and 
Commonwealth of Massachusetts materials on 
birth and fertility characteristics of the com- 
munity. In this paper the cohort-survival method 
is colled “percentage of survival technique.” 



* Tables appearing in tlic appended 'inalcrtals have been nuinbeved in 
sequence wttU others contained in the text of this handbook. 
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CONNECTICUT’S NEED FOR NEW TEACHERS 1968-82 

By Maurice J- Ross, Chief 
Bureau of Research, Statistics and Finance 
(Table ymnbcrs ours) 



Introduction 

Enrollments in the publie sehools, ineluding the endowed 
and incorporated aeademies of Conneetieut, have been 
inereasing and they will eontinuo to inerease during the 
next deeadc. Indications are, however, that the inereases 
will be quite modest compared to increases in the past 
decade. If Connecticut can solve the problems involved 
in matching the numbers of new teachers needed to the 
areas of subjects in which they are needed, the perennial 
teacher shortage may at long last Ijc alleviated, at least 
temporarily. However, the introduction of more head 
start’’ pupils and more kindergarten pupils may well in- 
crease the number of teachers needed. Other educational 
changes arc operating to reduce the ratio of children to 
teachers and so increase the demand for teachers. We need 
more experience l)cforc we can make estimates which take 
these changes into account. Meanwhile, the projected 
teacher needs may be considered as minimal. 

This report is the 1967 revision of the .study of teacher 
needs. More recent information on births and enrollments 
in Connecticut schools have been used in this revision. 
Estimated enrollments arc different from those in the 
previous reports. Actual birtlis have varied from what was 
expected and estimated births have been revised. The 
])crccntagc of children attending kindergarten is increasing. 
Public school enrollments, including special classes, passed 

500.000 in 1961-62; they will pass 620,000 in 1969 and 

700.000 by 1980. 

These, predictions arc more accurate for the earlier 
years than they arc for the later years. This is due to the 
fact that projections for the later years rely more heavily 
on predicted births. In the decade 1950-1960, population 
experts expected the birth rate and the number of annual 
births to decrease. This did not occur; in fact, anew record 
high in births to residents of Connecticut was established 
each year from 1952 through 1957. (Table 3) There were 
small decreases in the number of births in 1958, 1959 and 
I960 compared with 1957. An all time record high in the 
number of births occurred in 1961. The birth rate in 1962 
was substantially less than the previous year. Birth rates 
continued to decline through 1966. The Connecticut 
State Department of Health anticipates a gradual increase 
in the birth rate, but not to the level of the 1950’s. It is 
anticipated that the increasing population of Connecticut, 
even with lower birth rates than we had in the 1950’s, 
will lead to an increasing number of births from 1967 on. 
These births will had to increased school enrollments a 
few years later. 

Enrollments in non-public schools arc also increasing. 
The pattern of enrollments in these schools may become 
clearer in the years ahead and this pattern will be reflected 
in the ratio of the number of children in public school to 
the number of births some years earlier and in the ratio 
of the number of children in public school grade in a par- 
ticular year to the number of children in the previous 
grade one year earlier. 



It should be noted that children not oflicially enrolled 
in a particular grade, kindergarten through twelve, are 
i)eing separately accounted for. There arc now about 6,000 
such pupils in special classes or groups outside the regu- 
larly designated grade groups. This constitutes a number 
ec|ual to one percent of the ''regular” enrollment. This 
percentage has been used in making forecasts. As more 
children needing special programs are identified, more 
teachers may be needed for the small classes which are 
customary in these programs. At a ratio of 15 pupils per 
teacher, about 400 teachers are needed for thc.se pupils. 
It should also be noted that the needs for non-teaching 
personnel, e.g., guidance counselors, school social workers, 
school psychologists, psychometrists, librarians, super- 

Tablk 3 . — Conncciicul population^ birth rales and births, 

1940-76 





Connecticut 


Connecticut 


Births to 


Year 


population < 


birth rate 


Connecticut 



1940 


1,712,000 


14.0 


25,074 


1941. 


1,761,000 


10.5 


28,006 


1942. 


1,824,000 


20.3 


37,059 


1943 

1944 


1,809,000 

1,804,000 


20.8 

17.0 


38,880 

33.986 


1945 


1, 905, 000 


17.6 


33,409 


1046 

1947 


1 , 916 , 000 

1,932,000 


21.5 

23.4 


41,131 
AS, 181 


194g 


1,048,000 


21.5 


41,065 


1049 

1950 


1,980,000 

2,016,000 


20.0 

20.1 


4g8l9 

4g485 


1951 


2,052,000 


21.2 


43,506 


1952 


2,106,000 


22.1 


46,537 


1953 


2,173,000 


22.1 


47,996 


1954 


2,246,000 


22.5 


50,428 


1955 


2,298,009 


22.8 


52,339 


1956 


2,342,000 


22.0 


53,684 


1957 

1958 


2,393,000 

2,466,000 


23.8 

22.0 


56,909 

56,244 


1959 _ 


2,498,000 


22.6 


56,423 


1060 

1061 


2,644,000 

2,604,000 


22.3 

21.0 


56,659 

57,046 


1902 


2,063,000 


20.8 


55,480 


1963 


2,711,000 


20.8 


56,476 


1064- 


2,775,000 


20.4 


66,611 


196.S 


2,825,000 


10.2 


54,208 


1066 


2,873,000 


18.2 


52,289 


1967- 


2,929,000 


18.4 


53,894 


1968 


2,080,000 


18.6 


55,540 


1069 ... 


3,043,000 


18.8 


57,208 


1070 


3,100,000 


10.1 


59,210 


1071 


3,168,000 


10.3 


60,949 


1972 


3,216,000 


10.5 


62,712 


1073 


3,274,000 


10.7 


64,498 


1974 


3,332,000 


10.0 


66,307 


1075 


3,300,000 


20.2 


68,478 


1976 


3,448,000 


20.2 


69,650 








— 



I Population figures tor years ending in o are from the U.S. Census. Popula- 
tion and birth dato for Interim years and for lOM on are based on revised 
calculations and/or predictions supplied by the Connecticut State Depart 
inent of Health. Population to nearest thousand. Births to nearest hundred. 
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visors and administrators, arc not taken into account in 
this bulletin. 

It is suggested that the data in this bulletin be carefully 
studied by citizens and school personnel of Connecticut. 
It is Ixjlicvcd that a knowledge of the facts herein pre- 
sented will alert the State of Connecticut to the need for 
finding satisfactory solutions to the problems of teacher 
education and placement. 

Projections should not be considered exact predictions; 
predictions cannot be accurate to the last digit. A reason- 
able allowance for error is five percent either way. 

Procedures 

1. The kindergarten enrollments from 1963 through 1967 
and the births from 1957 through 1961 were used to 
determine the percent that kindergarten enrollment was 
of the number of births five years earlier. The mean percent 
was 88.3 (see table 4). 

2. The |X 5 rsistcncc from grade to grade was determined 
by calculating what percent the enrollment in any given 
grade during the five-year period 1963-1967 was of the 
enrollment of the previous grade for the five-year period 
1962-1966. The mean pcrsisP'.ncc from grade to grade is 
as follows (see table 4) : 



Percenl 

1st grade of kindergarten - 111. 3 

2nd grade of 1st 94. 5 

3rd grade of 2nd 98. 8 

4th grade of 3rd 99. 9 

5th grade of 4 th — 99. 6 

6th grade of 5th 99. 1 

7th grade of 6th 99. 1 

8th grade of 7th 99. 6 

9th grade of 8th 105. 5 

10th grade of 9th 95. 1 

11th grade of 10th 94. 0 

12th grade of 11th 92. 9 



3. The number of pupils to be expected in kindergarten 
through grade 12 for the years 1967-68 through 1981-82 
was calculated by applying the average percent found in 
1 above to births and estimated births from 1962 through 
1976 and the percentage found in 2 above to enrollments 
and estimated enrollments from 1967-68 through 1981-82 
(see tables 5 and 6 and Exhibit 2). 

4. The total number of teachers needed in kindergarten, 
grades 1-6, grades 7-8, grades 9-12 and distinctive classes 
for each year has been determined by: 

а. Dividing the estimated number of kindergarten pupils 
found for each year by 40 (see table 7 and Exhibit 3). 

б. Dividing the estimated number of pupils in grades* 
one through eight for each year by 25 and for grades 
nine to twelve for each year by 20 (see table 7 and 
Exhibit 3) . 

c. Dividing the estimated number of distinctive (special 
and ungraded) pupils by 15 (sec table 7 and 
Exhibits). 

5. The total number of new teachers needed in Con- 
necticut elementary and secondary schools from 1967-68 
through 1981-82 has been summarized in table 8 and 
Exhibit 4. This number is the algebraic sum of the number 
of new teachers needed because of changing enrollments 
and a turnover of 5 percent of the number of teachers in- 
service one year previously. 
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Chapter 1 



INTRODUCTION 



Very large amounts of energy, human resources, 
and money are being invested in elementary and 
secondary schools. Forty-five million or more 
children and youth, and some 2 million teachers 
are involved in the public schools alone. Almost 
$30 billion a year are being spent on these pupils 
and schools. Another 6 to 7 million students are 
enrolled in private dementary and secondary 
schools. In future years the numbers of pupils and 
teachers and the amounts of expenditures will 
increase considerably. 

Future increases in public school enrollment will 
vary considerably from one part of the United 
States to another. In some areas there will be large 
increases in the numbers of students, and accord- 
ingly in the number of teachers and amounts of 
expenditures, whereas in other parts there may be 
declines. In order to plan realistically for coming 
events in any given part of the United States, it 
then becomes necessary to estimate the number of 
pupils which there is likely to be. The future pupils, 
so to speak, are the beginning of the process; their 
number determines the teaching and other facilities 
which will be needed. Therefore, a crucial question 
becomes: How many pupils will there be in any 
given area at some specified future date? 

The facilities which will be needed cannot be 
created overnight. There is a lag of several years 
between the time at which more teachers, buildings 
and other facilities will be needed, and the time 
that they can be available. The essence of planning 
then, is to anticipate these future needs sufficiently 
in advance so that the teachers and facilities will 
be there when the pupils arrive. 

Projections for Areas and Grades 

The future, for projection purposes, means at 
least a decade ahe^, say, 1980 (at this writing). 
The problems of such longrun estimation are quite 
different from the problems encountered in esti- 



mating school enrollment next year, or even 2 years 
ahead; these shortrun problems will be discussed 
only summarily in this report. Accordingly, our 
major emphasis is on these longrun projections, 
both for the total State and for its components— 
counties, groups of counties, or school districts, 
insofar as the latter may be meaningful to study. 
Ordinarily one thinks of the school district as the 
basic educational administrative unit for which 
planning should be undertaken. Actually, as we 
shall see in chapter 2, many school districts are so 
ephemeral that planning can be done only at a 
higher level, the county or State. Nevertheless, we 
shall show how individual school district projec- 
tions can be made if the local community deems 
uuch calculations worthwhile. 

Since projections for the totality of public .school 
enrollment, grades kindergarten through 12, are of 
only partial value, we are setting forth projection 
techniques for three groups of grades : 1 lo 4, 5 to 8, 
and 9 to 12. Projection of the numbers of kinder- 
garten children are of dubious use since any num- 
bers will depend on the extent of such kindergarten 
facilities which the school will provide, and the 
fact that kindergarten attendance is voluntary in 
so many States. Beginning with first grade, how- 
ever, attendance is compulsory ; hence, projections 
are feasible. High school, grades 9 to 12, obviously 
should be separated out since its building and 
staffing needs are so different from the elementary 
grades. To a lesser extent the building and staffing 
needs of grades 5 to 8 are different from those of 
the lower grades. 

Data Needs and Sources 

A fundamental need for making a projection for 
any specific area of the United States is knowledge 
of the past history of that area. This seems obvious, 
yet we have observed that some school districts 
have very poor historical records, and some State 
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Exhibit 1 



CONNECTICUT STATE DEPARTMENT OF EDUCATION 
Bureau of Research, Statistics and Finance 

Instructions for Using the Estimate of Future Enrollments 



1. In the column headed “allocated births” place the 
annual number of such births. These official figures are 
obtainable from the Bureau of Vital Statistics of the Con- 
necticut State Department of Health or from its oflUcial 
reports. In most towns the data may be secured from the 
town clerk also. Figures beyond the last completed cal- 
endar year, if used, will be estimated. Allocated births 
are births to residents of the town in which the birth itself 
occurs. 

2. In the grade enrollment columns, write your grade 
enrollments as of October 1 of the 6 school years indicated. 
The figures for the current year represent your town 
totals from the age-grade tables as they appear in your 
Connecticut School Register. Prior to Oetober 1966, the 
data were reported to us on the REPORT OF CONDI- 
TION OF PUBLIC SCHOOLS (now known as ED 001, 
END OF YEAR SCHOOL REPORT). Beginning in 
October 1966, the data were reported on ED 006, “FALL 
SCHOOL REPORT.” 

3. You are now ready to perform a number of additions. 
An adding machine or calculator will be helpful. 

a. Total the allocated births for the bottom ii years 
in the 6-ycar period for which you have exact data.' 

b. Write the total in the margin at the left of the line 
titled, “Bottom 5-yair total.”* 

c. Total the enrollment in grade 1 (or kindergarten) as 
of October 1 for ,thc bottom 5 years. 

d. Write this total/ in the correct column and in the line 
titled, “Bottonr 5-ycar total.” 

c. In each grade column find the total enrollment for 
the first five of the 6-ycar period for which you have 
data and write this total in the line titled, “Top 
5-year total.”* 

/. In each grade column find the total enrollment for 
the last five of the 6-ycar period for which you have 
data and witc this total in the line titled, "Top 
5-ycar total.” 



> “Bottom 6-yoar»,” count up flve from the bottom In the 6-ycar period (or 
which you have data. 

> “Top 6»yeoT8," count down flve from the top In the 6-year period (or 
which you have exact data. 



ff. Perform “c” and “f” for each grade except for P.G. 
(postgraduate) and Spec, (special students). 

4. You are now ready to calculate the percentage of 
persistence (percent persistence). 

a. Find the percentage to the nearest tenth of 1 percent 
that the figure in 3d above is of 3b above. 

b. Write this figure in the column headed “1” or “k” on 
the line titled “percent persistence.” 

c. To find the percent persistence for each of the grades 
2 through 12 (1 through 12 if you have kindergartens) 
divide the bottom 5-ycar total for the selected grade 
by the top 5-ycar total for the preceding grade. E.g., 
to find the percent persistence for gradc5, divide the 
“Bottom .5-ycar total” for grade 5 by the “Top 
■)-> car total” for grade 4. 

.'). Multiply the percent persistence figure in the grade 
1 (or kindergarten) column by the birth figure for the years 
corresponding to the school years for which you arc making 
predictions. Write each product in the grade 1 (or kinder- 
garten) column opposite the year on whioh the calculation 
is based. You now liavc your estimates of grade 1 (or 
kindergarten) enrollments for the years to come. Round 
figures off to the nearest whole. 

6. Proceed to make the estimates for the other grades 2 
(or 1) to 12 in order as follows: 

a. To find the predicted enrollment of a given grade for 
a future year, multiply the percent persistence figure 
for the given grade by the enrollment in the preceding 
grade in the preceding year. 

7. P.G. (postgraduate) and Spec, (special students) fig- 
ures may be projected as annual averages based on 
experience for the years for which you have data or modi- 
fied as local practice seems to indicate. 

8. The columns headed “Total Enrol.” may be used to 
indicate enrollments for grades in which you are particu- 
larly interested, c.g., K to 6, K to 8, 1 to 8, 7 to 12, or 
9 to 12, etc. 

9. The lines headed “Total Known Period,” "Average 
Known Period,” and “Total Estimated Period, may 
be disregarded. 
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education offices have no information whatso- 
ever — such as statistics in j)roperly tabulated and 
usable form — about the counties and school dis- 
tricts in their States. It is our impression that 
usable historical information on enrollment by 
grade fortunately does exist in most jnirts of the 
Nation. We can advise any local area which wishes 
to prepare a projection to make certain that it has 
the necessary data on past enrollment, and if not, 
to resurrect the statistics from the archives. 

One of the most time-consuming and laborious 
aspects of making longrun school enrollment pro- 
jections is the preparation of future population 
estimates. Since the U.S. Bureau of the Census 
makes such projections, we have utilized them and 
built our school enrollment projection techniques 
so as to include them. 

Summary description of the methods which the 
Census Bureau uses for making its population pro- 
jections ap|)ears in appendix A. Unfortunately the 
Census Bureau has not suj)plied the projected 
population information in sufficient age detail. 
Accordingly we include a set of j)rocedures, the 
Sprague Multipliers in appendix B, which can bo 
used to subdivide the census data into the age 
groups desired. An example of the large amount of 
work involved in preparing jmpulation projections 
is given in chapter 3. 

Making Alternative Projections 

There are three uncertainties which make public 
school enrollment projections so problematic for 
any one small part of the Nation, such as a county 
or local school district. For the entire Nation, on 
the other hand, it is much easier to anticipate and 
calculate these uncertainties: excent and direction 
of internal migration; levels of and changes in the 
birth rate; extent of attendance at public schools, 
including jwssible shifts between public ond pri- 
vate schools, and particularly the retention of high 
school students until graduation. 

The only way of trying to anticipate these 
uncertainties is by making alternative j)rojections. 
The projection giving the greatest increase in 
enrollment, for example, might be based on the 
assumptions of large-scale immigi'ation, a high 
birth rate, shift from private to public schools, and 
the retention of all students until graduation 
from high school. On the other hand, the pro- 
jection which gives the least increase in enrollment 
might be based on the assum|)tions of little 
immigration (or even out-migration), a low birth 



rate, |)erhaj)s shifts from public to private schools, 
and continued dropouts before high school 
graduation. 

The correct future enrollment is likely to lie 
between these high and low j)rojections. Accord- 
ingly, further refinements can be made by utiliz- 
ing other assumptions somewhere between the 
high and low. The final result might be a series 
of four or five projections. The “best” projection 
is selected through the making of successive pro- 
jections and the intimate knowledge of local 
conditions, as desfcribed in following .sections. 

Internal migration 

Every year about one child in every 16 of 
school age — 5 to 17 years — moves across a county 
line and almost invariably moves from one school 
jurisdiction to another. Another one child in 10 
changes residence within the seme county each 
year; an unknown number also change local school 
districts. As a result of such extensive migration, 
it is possible that the majority of the childrcMi 
attend school in at least two separate school 
districts sometime between kindergarten and high 
school graduation. 

We know something about past migrations, but 
it is impossible to predict precisely what migra- 
tion will occur in the future.* How many people 
will move into or out of one particular part of the 
country — State, county, or local school district — 
during a specified time period in the future, can 
be guessed at but never predicted exactly. His- 
torical migration is an approximate guide. 

In making projections of public school enroll- 
ment for any local areas, we are, to a large extent, 
jM’ojecting past migration patterns together with 
the host of socioeconomic and other factors which 
underlie Uiis past migration. Since it is very un- 
likely that any given historical migration pattern 
will continue unchanged for at least a full decade 
into the future, we should make alternative pro- 
jections. Each set of procedures used has implicitly 
in it, different assumptions as to future migration. 
By calculating future public school enrollment 
using two or more sets of procedures, we then 
have a set of possibilities within which planning 
can be carried on. Whatever the pattern of future 
migration may reasonably be, we have taken it 
into account when making a range of estimates. 

1 The reader who Is interested in pursuing this topic further is referred to 
Henry S. Sliryock, Population wHhin the United States, 1964; sec 

also **iMigratk>ii*' in International Encyclopedia of the Social Sciences, 1968. 
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For use with towns having no kindergartens 



Town 



I, 

'( 

i 

I 

i.' 



CONNECTICUT STATE DEPARTMENT OF EDUCATION 
Bureau of Research, Statistics, and Finance 

Estimate of Future Enrollments 



Allocated births 


School 

yoar 


Enrollments by grades as of Oct. 1 


Total 

enroll- 

ment 

to— 


Total 

enroll- 

ment 

to— 


Total 

enroll- 

ment 

to— 


Total 

enroll- 

ment 

to— 


Grand 

total 


School 

ycor 


Years 


No. 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


r.G. 


Spec. 


1055 




1061-52 








































1061-62 


1056 




1962-63 








































1062-63 


1057 




1963-64 








































1903-64 


1058 




1964-65 








































1064-65 


1059 




1965-66 








































1965-66 


1060 




1966-67 








































1000-07 


Top 5-year total 














































Bottom 5*year 
total 














































Percent 

persistence 














































1061 




1067-68 








































1007-68 


1062 




1968-69 








































1968-09 


1063 




1969-70 








































1960-70 


1064 




1070-71 








































1070-71 


1065 




1971-72 








































1671-72 


1066 




1972-73 








































1972-73 


1067 




1973-74 








































1973-74 


1068 




1974-75 








































1074-75 


1060 




1975-76 








































1076-76 


1070 




1976-77 








































1076-77 


1071 




1977-78 








































1077-78 


1072 




1978-70 








































1078-70 


lora 




1979-80 








































1070-80 


Total known 
period 














































Average known 
period 














































Total estimated 
period 















































Sources: Births: Bureau of Vital Statistics, Connecticut State Department oflloaltli. School enrollments: ED 001 end of year school report — ago grade report. 
Percent persistence or projecting percent determined by: Bottom 5 total for any given grade divided by the top 5 total for the preceding grade. Births^ 
bottom 5-year total of grade I enrollment divided by the 5-year total of births 0 years earlier. 
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The birth rate 

The changing birth rate also conlributrs to the*, 
problems of projection. This is one of the main 
reasons why the Census Bureau makes alternativci 
])opulation projections, ones assuming both high 
and low levels of future fertility. Fortunately for 
the local school administrator— and we say 
fortunately only in a relative sense — changes in 
the birth rate tend to be more or less similar 
throughout the Nation. Unlike migration patterns, 
changes in the birth rate generally arc not unique 
to particular areas. The dccrc.asc in the U.S. 
birth rate since the late 1950’s has been evident 
in all parts of the country, and if it should turn 
up at any time, it will turn uj) in all areas. Of 
course the changes are not of similar magnitude 
in all areas, but at least they arc in the .same 
direction. This is more than can be .said for 
migration. 

Attendance at public schools 

Changes in the proportion of the school age 
population going to public school arc probably 
the least of the analyst’s ])roblcms. Relative to the 
problems ])oscd by migration, the problems of 
anticipating future attendance rates arc minimum. 
One place whci'c trouble can arise is in estimating 
the possible shift between public and private 
schools. In many communities the proportion 
attending public schools has been fairly constant 
for a long period of time and there is no anticii)a- 
tion of a change. Only where it is believed that 
there is likely to be a significant change in the 
distribution of pupils between public and private 
schools, must the statistician take thin factor into 
account in the projection. 

Practically 100 percent of the childron of el- 
ementary school age attend such schools, both 
public and private. Hence, the projection problem 
for grades 1 to 8 is minimized. At the high school 
level, however, dropouts are too i)revalent. In 
the mid-1960’s only some two-thirds of the popu- 
lation of high school age was actually attending 
school. Clearly, there is room for increased at- 
tendance rates in future years, and such increases 
are already underway. Another projection prob- 
lem then, becomes that of trying to estimate 
how close to 100 percent of the youth willgiaduate 
from high school by the target date. 

Making Successive Projections 

A final projection is never made. Instead, suc- 
cessive projections are made until the taiget date 



is reached. E\'cry 2 or 3 years new projections to 
the original target date should be made, and each 
.successive one is likely to be more accurate since 
it takes into account more historical data, and 
projects a shorter period ahead. For example, if we 
make enrollment projections in 1970 for 1980, we 
should repeat them not later than 1973, and again 
in 1975 or 1976. At both of these later dates, in 
addition to making projections for 1980, we should 
also make first projections for 1986 and 1990. 

When making population projections for the 
total United States, the Census Bureau aims at 
making new ones about every 3 years. Since internal 
migration is not a problem in making population 
projections for the Nation, successive projections 
3 yeais apart may be sufficient. When making 
projections for a local area, however, where 
migi’ation can be so important, successive projec- 
tions 2 yeai’s apart are more likely to provide a 
better picture of the target date. 

These successive i)rojections serve as guides to 
the school administrator in planning their building, 
personnel, and other needs. For example, suppose 
that a projection made in 1970 indicates that by 
1980 there will be a 30 percent increase in school 
enrollment. It will not require 10 years, however, 
to build the facilities needed for such an increase. 
Instead, the school authorities can undertake their 
facility expansion in steps. In 1970 plans for a 10 
percent increase by 1976 could be made. If the 
projection made in 1973 still indicates the same 
size ex])ansion (30 percent by 1980), then in 1973 
plans for a further increase in facilities can be 
made. If the projection made in 1975 for the year 
1980 indicates that the increase ovei’ 1970 will be 
ordy 20 percent, instead of the original 30 percent, 
then no additional facilities beyond those planned 
for in the 1973 projection need be planned. If, 
however, the third projection still indicates a 30 
percent inci’ease, then there still is time enough in 
the latter half of the 1970’s to build all the facilities 
needed for 1980. 

Need To Know Local Conditions 

The projection techniques shown in this hand- 
book must be considered only as first approxi- 
mations. No statistical formula can take into 
account all the information available about a 
local school district, a county, or a State. T.he 
school administrator, after seeing the results of 
a statistical projection, must then review the 
statistical findings in light of all othw information 
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Table />. — Anlicij>aicd cnroUmcnis in Connecticut pitbiic schools, 1968-82 



Year 


Num- 
ber ill 
kimlcr- 
RArtcn 


Nmii- 
l)cr 111 
limdc 
I 


Num- 
ber ill 
prndc 

•j 


Niiiii- 
ber ill 
Rradc 
3 


Nmii- 
l)cr ill 
pnidc 
4 


Nmm 
ber ill 
prndp 
5 


Nuiii- 
l)cr ill 
pradc 
0 


Nlliii- 
l)cr ill 
pradc 
7 


Niini- 
l)cr ill 
gnidc 
8 


Nlllll- 
l)cr ill 
prndc 
9 


Nuiii- 
l)cr ill 
pmdc 
10 


Nliin- 
ber ill 
Kradp 
II 


Nlllll- 
ber in 
izrndc 
12 


Num- 
ber ill 
distinc- 
tive 
Glosses t 


Total 

ciiroll- 

iiicnt 


niRli 

scliool 

grodu- 

nto 


1067-68 


48,989 


59,062 


52, 739 


51,301 


50, 738 


49,826 


4t:, 783 


45,434 


43,007 


43,933 


41,369 


36,263 


32,049 


6, 704 


608,2.57 


30,895 


HK58-60 


49,868 


54,525 


55,814 


52, 100 


51, 250 


50, .535 


49, 378 


46, 362 


45,2.52 


4.5,436 


41, 780 


38,887 


33,688 


6,832 


621,713 


32, 475 


1069-70 


49, 988 


55,503 


51,526 


55, 144 


53,054 


.51,045 


.50, 080 


48,934 


46, 177 


47.741 


43,210 


39,273 


36, 120 


6,936 


033, 737 


34,825 


1970-71 


47,866 


55,637 


52, 450 


50, 908 


55,089 


51,846 


50,586 


49, 629 


48,738 


48,717 


4.5,402 


40,617 


36, 485 


6,980 


040,956 


35, 172 


1971-72 


46, 171 


53,275 


52. 577 


51, 831 


50, 857 


.54,86!l 


51, 379 


50, 131 


49,430 


.51,419 


46,330 


42,678 


37, 733 


7,003 


645,673 


36, 375 


1072-73 


47,588 


51,388 


50,345 


51,946 


51,769 


.50,654 


54,375 


50,917 


49,930 


52, 149 


48,899 


43. .5.50 


39, 648 


7,022 


650,180 


38, 221 


1973-74 


49,043 


52,965 


48, 563 


49, 741 


51,894 


51,. 562 


50, 198 


53,886 


50,713 


52,676 


49, .5* *14 


45,965 


40,458 


7, 031 


054,287 


39,002 


1974-75 


50,515 


54,584 


50, 053 


47.979 


49, 691 


51,686 


51, 0!I8 


49, 740 


.53,670 


53, .502 


.50,09.5 


46,618 


42,701 


7,070 


659,013 


41, 164 


1976-76 


52,282 


56,223 


51,583 


49,451 


47,931 


49,492 


51,221 


50,638 


49, .547 


56,622 


.50,880 


47,089 


43,308 


7,125 


663,391 


41,749 


1976-77 


53,818 


58, too 


53, 131 


50,963 


49,402 


47, 73!l 


49,047 


50, 760 


50,435 


.52,2T2 


.53,848 


47,827 


43, 746 


7, 186 


608,364 


42, 171 


1977-78 


55,375 


59,899 


54,990 


52,493 


50,912 


49,204 


47,309 


48, m\ 


50,557 


.53,209 


49, 711 


50,617 


44, 431 


7,278 


674,591 


42,831 


1978-79 


56,952 


61,632 


56, 605 


54, 330 


52,441 


50,708 


48, 761 


46,88^1 


48,412 


.53,3.38 


50,602 


46,728 


47,023 


7,397 


681.812 


4.5,330 


1979-80 


58, 549 


63,388 


58,242 


55,926 


54,276 


.52,231 


50, 2 V2 


48, 322 


46,695 


.51,075 


.50, 724 


47,560 


43,410 


7, .509 


688. 105 


41,847 


1980-81 


60,466 


65,165 


59,902 


57,543 


55,870 


54,05!» 


51,761 


49, 800 


48, 129 


49,26:1 


48,572 


47,681 


44, tS!l 


7,668 


700,008 


42,598 


1981-82 


61,501 


07,299 


61,581 


59, 183 


57,485 


55,647 


.53, 572 


51 295 


49,601 


50,776 


40,849 


45,658 


44,296 


7,828 


712,571 


42.701 



> For detp.!!s, sco tablo 6. 



Exhibit 2 

Anticipated Enrollments in Connecticut Public Schools 
(in thousands) 
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* Includes 4816 dislinclive class stuilents 
^ Includes 1888 distinctive class students 



7-8 



197«l-75 

Total 

659013 



360370* 



103416 




9-12 



* Includes 4765 distinctive class students 

* Includes 2311 distinctive class students 



1981-82 

Total 

712571 



421846* 



100896 




* Includes 5578 distinctive class students 

* Includes 2250 distinctive class students 
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which he has about his community. The illus- 
trative projections for 1980 which we show for 
Maryland (chapter 7) are the first approximations 
to 1980. We do not have all the knowledge which 
the State and county educators have. They must 
review the projections and decide for themselves 
whether they are probable or not. 

At this point the coordination of local school 
district projections at the State level becomes 
important. Insofar as the Census Bureau is able 
to make usable projections of State population 
hy age, the enrollment in public schools in the 
entire State can be projected with a minimum 



of error. This means, then, that the sum of the 
local school districts must equal the State total. 
If, for example, in the illustrative case of Mary- 
land, every county board of education should 
decide that its enrollment will be 10 percent 
above that indicated by the statistical projec- 
tions, some counties will be in deep trouble. We 
know fairly well what the 1980 school enrollment 
is likely to be in Maryland. All the counties cannot 
have 10 percent more than the State. The State 
department of education must reconcile such 
diverse adjustments of the original projected 
1980 figures. 



Table 6. — Further details on anticipated enrollments in 
Connecticut public schools^ 1968-82 



Distinctive classes 



Total 
Year grades 
K-6 


Total 

grades 

7-8 


Total 

grades 

0-12 


Total 

ungraded 


Total 

special 


Grand 

total 


Ele- 

men- 

tary 


Sec- 

ond* 

ary 


Ele- 

men- 

tary 


Sec- 

oBd- 

nry 


1967-68... 350,438 


88, 501 


153,614 


395 


121 


4,421 


1,767 


608,257 


1068-69... 363,476 


91,614 


150,701 


400 


120 


4,471 


1, 835 


621, 713 


1960-70... 365,340 


05,111 


166,350 


402 


131 


4,404 


1,009 


633,737 


1970-71... 364,382 


08,367 


171,221 


401 


135 


4,482 


1,068 


040,056 


1971-72... 360,949 


09,561 


178, 160 


397 


139 


4,440 


2,027 


64f,673 


1072-73... 358,005 


100,847 


184,246 


304 


143 


4,404 


2,081 


650, 180 


1973-74... 353,064 


104,509 


188,693 


389 


147 


4,354 


2,141 


654,287 


1974-75... 355^605 


103,416 


102,016 


301 


148 


4,374 


2, 163 


050,013 


1075-76... 358,182 


100, 185 


107,800 


394 


140 


4,406 


2,176 


663,301 


1076-77... 362,290 


101, 105 


107,603 


300 


140 


4,456 


2, 182 


668,364 


1077-78-. 370,182 


00,163 


107,068 


407 


140 


4,553 


2,169 


674,501 


1078-70... 381,420 


05,205 


107,601 


420 


146 


4,092 


2,130 


681,812 


1070*80... 302,864 


05, 017 


102,775 


432 


144 


4,832 


2,101 


688, 165 


1980-81... 404,706 


07,029 


180,705 


445 


144 


4,070 


2, 100 


700,068 


1981-82... 416,208 


100,806 


187,570 


458 


144 


5,120 


2,106 


712,571 



Table 7. — Total number of classroom teachers needed for 
Connecticut public schoolSf 1967-82 



Yeor 


Kinder- 

garten 

ratio 

40:1 


Grades 

1-6 

ratio 

25:1 


Grades 

7-8 

ratio 

25:1 


Grades 

0-12 

ratio 

20;1 


Distinc- 

tive 

elosscs 

ratio 

15:1 


Total* 


1066-67 


1,327 


12,064 


3,395 


7,413 


465 


24,664 


1067-68 


1,225 


12,418 


3,540 


7,681 


447 


25^311 


1068-69 


1, 247 


12,544 


3,665 


7,000 


455 


25,001 


1060-70 


1,250 


12,614 


3,804 


8,318 


463 


26^440 


1970-71 


1,107 


12,061 


3,935 


8,561 


406 


26,820 


1071 -72 


1, 154 


12,591 


3,982 


8,008 


406 


27,101 


1072-73 


1, 190 


12,410 


4,034 


0,212 


469 


27,324 


1973-74 


1,226 


12, 107 


4,184 


0, 435 


460 


27,511 


1974-75 


1.263 


12,204 


4,137 


0,646 


472 


27,722 


1076-76 


1,307 


12,236 


4,007 


0,805 


475 


27,020 


1076-77 


1,345 


12,330 


4,048 


0,885 


470 


28,096 


1077-78 


1,384 


12,592 


3,907 


0, 808 


480 


28,327 


1978-79 


1,424 


12,070 


3,812 


0,885 


404 


28,504 


1970-80 


1,464 


13,373 


3,801 


0,630 


501 


28,778 


1980-81 


1,512 


13,772 


3,017 


0,485 


512 


20,108 


1081-82 


1.538 


14, 101 


4,030 


0. 370 


522 


20,666 



t Exclusive of nursery school. 



Exhibit 3 

Total Number of Classroom Teachers Needed for Connecticut Public Schools 
(in thousands) 



0 4 8 12 16 20 24 
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1967-68 

Total 

25311 




* Includes 321 teachers (or distinctive desses 
*' Indudes 126 teachers (or distinctive classes 



28 

T 



32 




1974-75 

Total 

27722 




* Indudas 318 teachers (or distinctive dasses 
^ Includes 154 teachers (or distinctive dasses 



1-6 




7-8 



1981-82 

Total 

29666 



9-12 





Includes 372 teachers (or distinctive classes 
Includes ISO teachers (or distinctive classes 




Chapter 2 



HOW USEFUL ARE SCHOOL DISTRICTS 
AS BASIC UNITS FOR PROJECTION PURPOSES? 



The major part of our efforts is devoted to 
the presentation of methods for projecting en- 
rollment for single counties, or groups of con- 
tiguous counties. Secondary effort will be given to 
the methodology of projections for individual 
school districts. The reasons for giving first 
priority to counties is that it is much easier to 
make reasonable projections for them, whereas 
there are a number of factors which make it 
difficult to analyze individual school districts. 

Table 1. — Number of local basic administrative units 
(school districts), and number of public and nonpubbc 
elementary and secondary schools^ United States, 1929~S0 
to 1965-66 



School yeai 
(1) 


Public school systems 


Nonpublic schools * 


r School Elcmcrttory schools Second- Eicmen- 

districts’ wy tary Secondary 

Total 1-tcachcr schools 

(2) (3) (4) (5) (6) (7) 


1020>30 


.... (*) 


238,306 


149,282 


23,930 


9,275 


3,258 


1931-32 


... 127,531 


232,750 


143,391 


26,409 


9,734 


3,289 


1933-34 


.... (*) 


236,236 


139,166 


24,714 


9,902 


3,327 


1935-36 


.... 0) 


232,174 


131, 101 


25,652 


9,092 


3,327 


1937-38 


.... 119,001 


221,660 


121, 178 


25,467 


9,092 


3,327 


1939-40 


... 117,108 


(>) 


113,600 


0) 


11,306 


3,568 


1S41-42 


.... 116,493 


183,112 


107,692 


26,123 


10,285 


3,011 


1943-44 


.... 111,383 


169,905 


96,302 


28,973 


10,285 


3,011 


1945-46 


.... 101,382 


160,227 


86,563 


24,314 


9,863 


3,294 


1947-48 


.... 94,926 


146,760 


75,096 


25,484 


10,071 


3,292 


1949-50 


.... 83,718 


128,225 


59,652 


24,542 


10,375 


3,331 


1951-52 


.... 71,094 


123,763 


50,742 


23,746 


10,666 


3,322 


1953-54 


.... 63,067 


110,875 


42,865 


26,637 


11,739 


3,913 


1955-56 


.... M.869 


104,427 


34,964 


26,046 


12,372 


3,887 


1957-58 


.... 47,894 


95,466 


25,341 


25,607 


13,066 


3,994 


1969-60 


.... 40,520 


91,863 


20,213 


25,784 


13,574 


4,061 


1961-«2 


.... 35,676 


81,910 


13,333 


25,360 


14,7<Q 


4, 120 


1963-64 


.... 31,705 


77,584 


9,895 


26,431 


(*) 


4,451 


1965-66 


.... 26,983 


73,216 


6,491 


26^507 


15,340 


4,606 



< Data for most years ore portly estimated. 

> Includes operating ond nonoperating districts. 

’ Data not ovoilablc. 

Note.— Beginning in 1069-60, includes Alaska and Hawaii. 

Source: U.S. Department of Health, Education, and WeUorc, Ofllco of 
Education, ^^Biennial Survey of Education in the United States,** ehopters 
on Statistical Summery of Education; **Statistics of State School Systems**; 
**Statisties of Nonpublic Elementary Schools**; and **Statistics of Nonpublic 
Secondary Schools.** 



Some Distruptive Factors 
Changing Boundaries 

To begin, any projection must be based on past 
events which occurred in the specific geographic 
tirea— school district or county or State. Without 
this historical information any statistical pro- 
jection will be only an untutored guess. Further- 
more, statistical projections are impossible to 
make on the basis of historical data referring to 
a changing geographic area. Yet very many of 
the school districts have had changing boundaries 
over the last few years, and apparently such 
changes will continue into the future. This can 
be seen in the fact that over the last generation 
the number of school districts in the Nation has 
declined from about 127 ,000 in 1931 to about 
23,500 in 1966. There was a consistent decline 
throughout this period, and the end does not 
yet appear in sight. (See table 1.) 

The number of operating school districts and the 
percent decline for the years 1962 to 1966 are as 
follows: 





Sdiool year 


Number of 
operating 
school 
districts 


Percent 

decrease 






28,859 


... 


10A3 




27, 7M 


4 






25,991 


6 


lQA.<k 




31,446 


6 


1066. 




21,686 


11 











Obviously the decreasing numbers of school dis- 
tricts have come about as a result of consolidations 
of previously existing districts. For purposes of 
statistical projection-making we would need to 
know precisely which school districts were corn- 
bined in the past, and which \vill be combined in 
the future. Such information, if available at all, is 
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Exhibit 4 

Total Number ol New Teachers Needed in Connecticut 
Elementary and Secondary Public Schools 



250 
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750 
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—r~ 



1250 
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• Includes 1 teacher for distinctive classes 

* Includes 5 teachers for distinctive classes 




K-6 



7-8 



9-12 




* Includes 18 teachers for distinctive classes 
^ Includes 9 teachers for distinctive classes 



1981-82 

Total 

1958 




• Includes 29 teachers for distinctive clesse 

* Includes 6 teachers for distinctive classes 



Table 8. — Total number of new teachers needed in Con- 
necticut public elementary and secondary sehools,^ 1968-8B 



Yoar 


Kinder- Disttne- 

garton Grades Grades ttve Total ^ 

to 7-8 9-12 classes 

grade 6 


1967-68 


921 


316 


639 


6 


1,881 


1963-69 


830 


302 


693 


30 


1,866 


1969-70 


762 


322 


728 


30 


1,842 


1970-71 


688 


321 


669 


26 


1,693 


1971-72 


680 


244 


776 


23 


1,622 


1972-73 


662 


261 


749 


26 


1,678 


1973-74 


496 


362 


684 


24 


1,666 


1974-76 


716 


162 


683 


27 


1,687 


1976-76 


749 


77 


731 


27 


1,684 


1976-77 


818 


241 


486 


28 


1,672 


1977-78 


976 


121 


697 


31 


1,636 


1978-79 


1,126 


43 


482 


32 


1,683 


1979-80 


1, 164 


180 


248 


32 


1,614 


1980-81 


1. 189 


306 


328 


36 


1,869 


1681-82 


1,232 


321 


368 


37 


1,968 



■ Grades 0-12, 6 percent o( 7,681 (1667-68) plus the difference between 
7,990 (1968-69) and 7,681 (1967-68), (384+309) or 993 now teachers needed 
In 1968-69. (Se9tablo7.) 

1 Exclusive o( nursery school. 



,#■- 




17 



1 






I 



available only locally. Presumably some historical 
records are available in State or local ofRces and 
could be used, if all past consolidations were made 
by combining whole school districts. But if any 
previous school districts were split and apportioned 
to other districts, it becomes a very difficult task to 
reconstruct constant geographic entities. 

Of major importance for making statistical 
projections is tlie fact that future consolidations 
are hugely unknown at present. In some States 
consolidations and the redrawing of school bound- 
aries are in the hands of county or State authorities 
and can be imposed on the school district. In other 
cases the decision to consolidate or not is made by 
the school districts concerned. In either event it is 
difficult to predict exactly which .school district 
boundaries will change, and which will not. We 
hazard a guess that ultimately the number of school 
districts in the United States will approach the 
numbwof counties — about 3,000 — but we have no 
idea when. 

The number of counties in the United States 
and their boundaries have remained lai^gely un- 
changed for a number of decades, and all our 
present information strongly suggests that few, if 
any, boundary changes are contemplated in the 
foreseeable future. Accordingly, then, the county 
rather than the school district is preferable for 
making statistical projections. 

Size of School Districts 

Another statistical problem is that many school 
distncts (i\s of fall 1966) were too small to permit 
making reliable projections. Tlie enrollment in a 
school distiict with but a few hundred students, or 
even a very few thousand, could vary enormously 
and unpredictably. In general, the larger the en- 
rollment, the more likely are the possible future 
fluctuations to be minimized. Part of the problem 
with school districts which contain small popula- 
tions lies in the possible effects of migration. If 
one business establishment or factory or govern- 
ment installation moves out, it is possible that half 
of the school children may leave witli their parents. 
Conversely, the opening of a large facility can 
double enrollmmt overnight via in-migration. A 
large school district, on the other hand, cannot be 
so affected. 

Only about 1,400 school districts in total United 
States in 1966-67 had an enrollment of 6,000 or 
more students. This is a rule of tliumb minimum 
number needed to minimize chance and unpredict- 
able fluctuations. Another 1,700 school districts 



had between 3,000 and 6,000 students. The remain- 
ing 20,000 school districts (including the non- 
operating ones) are really too small to permit 
making reliable longrun projections. (See table 2.) 

On the other hand, about 75 percent of all pupils 
were enrolled in school districts containing 3,000 
or more students, and almost 60 percent in districts 
with 6,000 or more. Hence, projections covering 
very large numbers of students are possible even 
if only a small proportion of the school districts 
are included. 

Most counties have large numbers of elementary 
and secondary pupils. Nevertheless, a signiflcant 
number (as in Texas, for example) Imd well under 
3,000 pupils in i960, and many had under 1,000. 
For such small counties statistical projections are 
likely to be no more valid than for similarly small 
school districts. Combining the counties into 
clusters is required. 

Overlapping School Districts 

A number of geographic areas have several over- 
lapping school districts. Thwe may be two or more 
districts for grades kindergarten to 4 or 6 or 8, and 
then one consolidated district for high school (or 
junior plus senior high). Situations of this type do 
not lend themselves easily to making projections. 
Many of such overlapping school districts are 
probably quite small in size and were considered 
previously in the section “Size of School Districts.” 

Table 2,^Au?nber of 'puhVic school syslenis and number of 
pupils enrolled^ by sue of system: United States, 1966-67 

School systems Pupils enrolled 



Kiirollmcnt size i Number 

Number Percent (in thou- Percent 
sands) 

0) <2) (3) (4) (5) 



Totol 23,390 100.0 M3, 842 loaO 



25.000 or more no .7 12,590 28.7 

12.000 to 24,999 350 1. 5 5, 730 13. 1 

6, OOOto 11.999 880 3.8 7,293 16.6 

3.000 to 5,999 1,726 7.4 7,178 16.4 

1,800 to 2,999 1, 819 7. 8 4. 251 9. 7 

1,200 to 1,799 1,636 7.0 2,416 5.5 

600 to 1,199 2, 838 12. 1 2, 437 5. 6 

300to509 2,723 11.6 1.185 2.7 

150 to 299 2,091 8.9 459 1.0 

50 to 149 2,230 9.5 209 .5 

15 to 49 2.673 11.4 71 .2 

ltol4 2,386 10.2 22 .1 

None * 1, 868 8.0 



1 Dosed on the number of pupils enrolled in October 1966. 

3 includes 992,000 students enrolled at the college level. 

) Systems not operating schools. 

Note.— B ecause of rounding, detail may not add to totals. 

Source: U.S. Department of Commerce, Bureau of the Census. **1967 
Census of Governments.** CG-P-3, ‘‘Public School Systems in 1966-67.** 
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THE COHORT-SURVIVAL METHOD^ 



By John K. Folger 

Southern Regional Educational Board 



Wc used the cohort survival method to project public 
school enrollment. We also plan to use a modification of 
the cohort method to revise our college enrollment projec- 
tionS| which were made by the ratio method. The cohort 
method is probably more accurate, at lettst for short-ran,ie 
projections, than the ratio method. The tests which we 
made in planning this study .showed that a two-year fore- 
cast by the cohort method had a percent of error only 
about half as large as the ratio method when compared with 
actual enrollments for the two yc*ars. (See Tables 1) and 10). 

The basic data employed in our estimates made by the 
cohort method were enrollments in each single grade for 
the past 20 years. The definitions used for enrollment and 
adjustments of the enrollment figures were discussed in 
Chapter II. In addition to the enrollment data, we used 
information on the births occurring during the past seven 
years to make estimates of the number of pupils who would 
enter school in each of the next six years. Wc corrected all 
of the data on births as indicated in Chapter II. We 
ahso adjusted births from calendar-year basis to a school 
year (October 1 to September 30) basis. 

We computed survival rates from each grade to the next 
higher grade the following year with the adjusted date. 
The survival rate is obtained by dividing the enrollment 
in a given grade into the enrollment in the next higher 
grade the following year. This rate indicates the proportion 
of the cohort that survives to the following year. Usually 
the survival rate is less than one; but in states like Florida 
that have a heavy in-migration, tins grade group can 
actually get larger as it progresses through the early 
elementary grades and the sur\*ival rates will be above one. 

♦Source: John K. Folger, Higher Education in the Souths 
Southern Regional Education Board, Atlanta, 1954, ch. IV. 



The survival rate measures the combined effects of migra- 
tion, deaths, dropouts, and retardation. The data are not 
available to permit an exact analysis of the importance of 
these various factors in the survival rate; however, we can 
indicate some of the major variations in the survival rates 
and their probable causes. 

Survival from one grade to the next is generally very 
high for the elementary grades. For most Southern states 
the survival of whites from grades two to three, three to 
four, and four to five is between 97 and 100 percent, and 
is as high as 102 percent in Florida. The gradc-to-gradc 
survival rates were computed for all years from 1932 to 
1952. In most states the survival rates for these early 
elementary grades showed only slight or no increase during 
the 20-year period. The survival rates for Negroes for 
grades two to three, three to fouri and four to five were 
generally lower than those for the whites and showed more 
improvement during the two decades. By 1950-52 survival 
rates for Negroes were generally about 90 to 97 percent 
for the early elementary grades. The difference between 
the white and Negro survival ratios probably represents 
both the greater amount of retardation among Negro 
pupils and the higher nonwhitc out-migration from the 
South in recent years. 

Survival rates from grades one to two arc always lower 
than for the other elementarj^ grades because of the great 
amount of retardation in the first year of school. For all 
Southern states the greatest improvement in survival 
rates during the last 20 years has been in the survival 
from grade one to grade two. In 1932 some states had 
four times as many Negroes enrolled in grade one as in 
grade two the following year, representing a survival rate 
of 25 percent. By 1950-52 the survival from grade one to 



Tablk 9. — Percentage * difference between cohtrt^sxirvival 
and ratio estimates of enrollment and actual enrollment 
in North CarolinOf 1951 and 1952, by race 



Taulk 10. — Percentage^ difference between cohort- survival 
and ratio estimates of enrollment and actual enrollment 
in South Carolina, 1961 and 1952 by race 







WHITES 






NEGROES 




Grade 


Grade 


1961 


1962 


1961 


1962 




Ratio 


Cohort 


Ratio 


Cohort 


Ratio 


Cohort 


Ratio 


Cohort 


1 


-2.3 


-1.6 


-1.7 


-4.8 


-10.7 


69 


-7.7 


7.2 


1 


2 


-6.3 


1.3 


-0.1 


-62 


-9.9 


-7.0 


-61 


-l.i 


2 


3 


0.2 


-0.9 


-4.2 


68 


-4.8 


-0.1 


-7.6 


-6.0 


3 


4 


-1.6 


-1.6 


-1.8 


-1.6 


-7.6 


-6 6 


-66 


63 


4 


6 


-1.3 


-1.3 


-6 2 


-Z6 


-4.7 


-1.2 


-4.4 


-3.6 


6 


0 


-3.3 


-2.1 


-0.9 


-2.6 


-64 


-0.8 


-64 


-61 


0 


7 


-6.2 


-2.9 


-4.2 


-68 


-1.0 


-3.6 


-7.6 


-4.8 


7 


8 


4.8 


-2.3 


1.7 


-6.1 


-163 


-3.8 


-19.6 


68 


8 


9. 


-0.6 


-1.2 


61 


-1.7 


-36.0 


-6.9 


-33.9 


-1.0 


9 


10 


12.0 


0.0 


10.8 


-0.8 


-38.9 


-3.6 


-39.0 


-9.2 


10 


11 


-13.8 


-0.2 


-16.9 


1.2 


-34.6 


-6.6 


-38.0 


-7.7 


11 


12 


3.3 


-1.0 


12.9 


62 


1.7 


-0.8 


1.0 


-4.4 


12 


Total... 


1.6 


-1.2 


-6 4 


-1.8 


-11.4 


-1.3 


-162 


-1.4 


Total... 



WHITES NEOROES 

1961 1962 1961 1962 

Ratio Cohort Rotto Cohort Rotio Cohort Ratio Cohort 



-1.4 


9.1 


-4.0 


-4.7 


-2.7 


-1.0 


-1.7 


0.1 


-1.6 


-2.1 


-6 7 


-1.4 


-4.2 


0.2 


-6.2 


-0.6 


-6.3 


-3.4 


-7.1 


-2.7 


-66 


1.8 


-9.9 


-7.6 



-3.7 
- 4.0 
-69 
-4.8 
-3.3 
- 2.8 
-2.3 
-9.6 -1.2 

-66 -3.4 

-8.7 -4.4 

-166 -0.9 

-13.2 -6.2 



-11.2 


-0.7 


-6.9 


66 


-6.4 


66 


0.0 


-61 


-6 8 


66 


-10.1 


-1.4 


-6 0 


3.2 


-20.3 


-7.3 



67 


68 


-16.6 


-6.6 


-17.6 


1.3 


-14.9 


60 


-13.0 


-0.4 


-8.6 


3.4 


-6.3 


6.0 


-64 


-66 


-6 6 


-1.9 


-7.9 


-0.3 


-164 


0.0 


-20.2 


-68 



67 


-6.4 


4.4 


2.2 


-13.0 


-69 


-6.2 


-13.1 


1.6 


-66 


-16 6 


0.6 



-3.8 

-4.2 

-3.1 



- 3. 0 - 0. 4 -64 - 2. 1 - 8. 4 0.6 - 8. 9 



0.4 



♦ Minus sign indicates that estimate was lower than actual enrollment 
actual enrollment is the base for all percentages. Estimates for 1961 and 1952 
were computed using data up to 1950, and were then compared with actual 
enrollment in 1961 and 1962. 



» Minus sign indicates that estimate was lower than actual enrollment, 
nctual enrollment is the bose for all percentages. Estimates for 1961 and 1962 
were computed using data up to 1950, and were then computed with acluni 
enrollment in 1961 and 1962. 
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Impacted School Districts 

The enrollment in n nnnibcr of school dislricls — 
probably among the smaller ones — ebbs and flows 
as the Federal government opens, enlarges, con- 
tracts, and closes facilities. Enough personnel and 
their families, including school-age children, are 
involved so that total school enrollment can be 
significantly affected. Often the local school dis- 
trict is not notified very much ahead of time, 
certainly never a decade in advance. Thus long- 
run planning is impossible for such a school 
district. An impacted district is particularly 
dependent on the county or State for assistance 
with financing, pci-sonncl, and even buildings. For 
example, it may be necessary to recruit large num- 
bers of teachei’s on short order, or conversely, to 
find jobs for a large number elsewhere if the 
Federal Government suddenly decides to contract 
or close a facility. 

Case Studies of Small School Districts 

One such district in the New Jersey portion of 
the New York metropolitan area has about 1,500 
students enrolled in public elementaiy and high 
school. The community is an old one, dating back 
to before the American Revolution, and consists 
in large part of single-family houses. As of 1968 
it apj)ears to be a'most all built up; land use 
surveys do not indicate any large growth in pop- 
ulation. It is thought that i'.’ present zoning con- 
tinues, the number of families and of children 
enrolled in public schools will remain largely 
unchanged. In fact, it can be argued that the 
largest future variations in the numbers of public 
school students will come about from changes in the 
life cycles of the present families. As older families 
whose children are grown up are replaced by 
younger families with school-age children, the 
number of students will increase, and the reverse. 

However, even this reasonably "certain and 
predictable” school district contains some un- 
knowns that can upset a longium projection. 
First, there is no guarantee that a decade hence 
the zoning laws will not be changed to permit 
multi-family buildings, and hence more children. 
Two sets of projections can be made, one assum- 
ing a continuation of the single family nouse as the 
predominant type, and a second assuming the 
construction of some specific number of multi- 
family buildings. 

A second unknown is the ratio of public to 
private school enrollment. Heretofore, this has 



tended to be fairly constant. But it is not incon- 
ceivable that the ratio can change sufficiently to 
make long-range projections uncertain. In a 
school district of this size, the shift of even 100 or 
200 pupils between public and private schools can 
have a measurable impact on the public .school 
facilities. 

Finally, there is the unknown factor of the high 
school and its future. The present building (there 
is only one high school) needs replacing. Education 
experts have suggested that the community has 
too small an enrollment to permit having an ef- 
ficient high school. It is thought that not enough 
divereity of courses can be provided; it is very 
difficult to attract and keep high quality teachers 
and administratoi-s, and so forth. Accordingly, it 
was recommended that this community’s high 
school students be sent to a larger neighboring 
community. As of this time, 1968, the community 
has not decided what to do with its high school 
students. Enrollment projections for 1980 can 
be quite different for this and the larger neigh- 
boring communities, depending on where the high 
school students will go. 

A contrasting situation is that of another dis- 
trict in the Westchester County portion of the 
New York metropolitan area which has a total 
enrollment of 5,500 students (1968-69). The dis- 
trict lies across two communities — one in the 
early stages of economic decay typical of river 
communities along the upper reaches of the 
Hudson River Valley — and another which is one 
of the more affluent ex-urban communities in the 
central area of Westchester County. The district 
is primarily a post-World War II development. 

The housing stock in the district ranges from 
high-density apartment units to low-density single 
family dwellings with a minimum zoning of 2 acres 
each. Because of recent down-zoning in the more 
affluent community, the present population level 
of 18,000 in that community is thought to be at 
or near two-thirds of the ultimate saturation level 
as projected in some recent local land use surveys. 
Thus the contribution to future g;rowth in enroll- 
ments from the more affluent community in the 
district is not anticipated to be sizable over the 
next decade. The older, and less well-off com- 
munity, comprising the other half of the district, 
is going through the throes of urban renewal and 
the potential impact of an expressway to be built 
on land adjacent to the Hudson River. These 
prospective changes are thought to affect the 
future growth of moderate and high-density 
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two for Negroes had risen to 90 percent in at least one 
state und was above 50 pereent in all states but one. 

Survival rates for the upper elementary grades liavc also 
improved eon.siderably in the last 20 years, and for whites 
are in the 90 to 98 pereent range for the last few years. 
For Negroes the survival rates in the upper elementary 
grades are still generally between 85 and 90 |XJreent al- 
though they have been improving during the last 20 years. 
Survival rates in high sehool grades have not inereased 
mueh for whites in the last 20 years. The proportion of 
students who reach high school has greatly increased duo 
to inereased survival in the earlier grades, but the pro- 
portion of high sehool freshmen who complete high school 
has not increased much. For Negroes there has been more 
increase in survival through high school, but they still lag 
behind the whites in the proportion that remains in school. 
High school survival rates in the Southern states between 
1950-52 ranged between .80 and .90 for whites and be- 
tween .70 and .85 for Negroes. 

For each state, we plotted the survival ratc.s for the 
last 20 years on graph paper and examined them for trends 
and irregularities. For most grades in most .statc.s the 
survival rates were consistent from year to year. We 
computed the linear regression ^ of the stirvival ratios for 
the last 20 years and plotted the regression line on the 
same graph with the actual survival ratios. For most of 
the survival ratios, a straight line fitted the actual plotted 
points very well. In these cases, we projected the linear 
regression into the future to obtain future values of the 
survival ratios. Certain restrictions were placed on all 
these linear projections. None of the survival rates were 
allowed to go above a limit determined separately for 
each state from inspection of the survival rates for the 
early elementary grades. For example, in Alabama survival 
rates for the early elementary grades appeared to be fairly 

A For a description of linear regression ond computing procedures see ony 
stondord stotlstlcs text. For exomple: Ilogood, Morgorot J. Statistics A>r 
SociotoQists, (New York; Henry Holt ond Co. 1941 Chapter XXI.) 



.stable between 97 and 98 percent. Therefore, we chose 
97.5 percent a.s an upper limit for the survival rates for 
Alaliama. For Florida, this upper limit was 102.5 percent, 
the iii-migratiou to Florida making the grade cohort.^ 
actually grow in size a.s they progrc.sscd through the 
elementary grade.s. A.s a final restriction, projected survival 
rates for Negroes were not allowed to exceed the white 
survival rate for the same grade and year. 

A simpler procedure, and one which will probably be as 
accurate, is to decide on the restrictions to be observed in 
projecting the trend, and then draw in a freehand curve, 
using the past data and the rcstrictioas on the future 
trends. For the survival rates which were not appropriate 
for linear regression, we adopted several different pro- 
cedures. Some of the ratc.s were projected by a.ssuming 
that their futun; pattern would be like .some adjacent 
grade where the data were regular. Some were projected 
l)y using linear regression over a few of the more recent 
years. Survival rates which did not seem to exhibit any 
upward trend during the past 20 years were projected 
by averaging survival rates ivi the last few years and 
projecting the average into the future. A few of the 
survival rates were so irregular that no method of projec- 
tion gave much confidence that we would be able to 
astimatc the future ones accurately, but for the most part 
the .survival rates exhibited regular trends. 

The most difficult problem in the use of the cohort 
method is the determination of the size of the entering 
first grade in each future year. Births can be ''survived* ’ 
to first grade enroilment six years later, but these survival 
rates fluctuate much more than those from one grade to 
the next. Investigation showed that it was more accurate 
to project birtbs seven years and relate them to second 
grade enrollment than to relate births to the first grade 
enrollment six years later. Even though second grade 
enrollment provides a better base for computing the 
entering cohort, it would also be a good idea to check each 
entering cohort against the estimated population six. 



Table 11 . — Alabama white elementary enrollment 




1940-41 1941-42 1942-43 1943-44 



1 60, 258 66, 054 64, 009 64, 024 

2 46, 835 46, 002 4^ 718 45, 400 

3 48, 143 45, 400 46, 677 44, 614 

4 47,033 40,350 44,221 43,602 

5 40,851 44,889 44,810 41,945 

6 44,431 43,663 42,024 40,942 

7 38,707 40,787 40,638 38»603 

8 30,729 32,133 34,287 32,087 



Year 



1944-45 


1045-40 


1040-47 


1947-48 


1048-40 


1949-50 


1950-61 


1961-62 


54,763 


63,721 


52,613 


52,042 


62,711 


64,053 


45,496 


47,967 


44,098 


45,821 


45,016 


45,717 


40,142 


47, 162 


50,881 


42,411 


43,857 


44,225 


44,373 


44, 164 


44,345 


45,185 


46,280 


64,828 


43, 172 


42,637 


42,508 


43,250 


42,720 


43,064 


43,982 


44,818 


41,335 


41, 250 


40,850 


41,440 


41,801 


41,710 


41,938 


42,726 


38,572 


38,762 


38,368 


38,747 


39,228 


30,008 


40,205 


40,362 


37,720 


36,405 


30,460 


30,763 


37,274 


38,043 


38,724 


38,979 


31,774 


32,333 


31,140 


31,720 


32,228 


33,282 


33,690 


34,422 



SURVIVAL RATES' 



1_2 ] 0.8284 0.8394 0.8325 0.8329 0.8367 0.8379 0.8700 0.8860 0.8047 0.8880 0.9322 

9905 *0780 .9550 .9047 .9828 . 0684 . 9811 .9700 . 9793 . 9813 . 9639 

3-4*]]] 9628 . 9740 . 9568 . 9077 . 9722 . 0625 . 9747 . 9074 . 9700 . 9734 . 9684 

4.5]]]]]]]]]]]]]]]]] 9544 . 9008 . 9485 . 9489 . 9650 . 0681 .0730 . 9070 . 9702 . 9741 .9714 

5-5]]]]]]]]]]]]]]]]]]] 9298 . 9302 . 9137 . 9190 . 9378 . 9300 . 9485 . 0466 . 9655 . 9639 . 9022 

0.7’ 9180 . 9300 . 9180 . 9214 . 0438 . 0400 . 9579 . 9020 . 9008 . 9081 .9096 

8302 . 8400 . 8063 . 8231 .8570 . 8554 . 8702 . 8769 . 8920 . 8868 . 8889 

46,602 

' Survival rates arc computed by dividing the enrollment In a given grodc by the enrollment In the next lower grodc the yeor before. For example, ^0 268** 
0.8284. 
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apartment units which often yield fewer numbers 
of pupils per unit. 

There is a great deal of uncertainty about tlie 
annual size of enrollments, particularly in the 
elementjiry grades, as well as the future existence 
of the district itself, because: 

First, New York State allows tuition transfers 
between adjacent, and in some instances, non- 
contiguous school districts depending upon 
vacancy levels. These tuition transfers have con- 
tributed to the annual variations of elementary 
enrollments. 

Second, several parochial scliool systems in tlie 
area serviced by the school district have, due to 
financial uncertainties, recommended to parents 
that they enroll their children in public scliool for 
the first grade and then trfinsfer them into tlie 
parochial school system for the continuation of 
their education. This has the effect of overloading 
existing capcity levels in the kindergarten and 
first grades and drastically reducing capacity 
levels in the second and later grades. 

Third, the district has several wards in the 
poorer of the two communities that are predomi- 
nantly nonwhite. As a result several of the neigh- 
borhood schools have reached unsafe wliite/non- 
white enrollment proportions as designated by the 
New York State Department of Education. As a 



result of this, redistiibution through busing of 
pupils to other schools in the district and adjacent 
districts is being contemplated. 

Fourth, New York State Department of Ed- 
ucation facility planneis have informed the local 
school board that several of the existing facilities 
have become superannuated. The State Education 
Department consultants have recommended to 
local school board officials a possible merger with 
an adjacent school dish'ict with newer, but rela- 
tively underutilized capacity levels. 

All of these factors: the noncontiguity of local 
political units nnd school districts; the economic, 
demographic and housing characteristics in the 
communities; the age and capacity of existing and 
contemplated additions or changes in school 
plants; the very existence of the school district ns 
a distinct entity; contribute to the difficulty of 
generating reasonable, reliable, and comparable 
enrollment statistics series, and projections. 

To some extent every school district is unique 
and has its own history. We have no reason to 
believe that the two districts described are partic- 
ularly unusual. They simply illustrate some of the 
problems involved in trying to make enrollment 
projections for these semipermanent local public 
school districts. 



seven and eight years old. If an error is made in determin- 
ing the size of the beginning group, it will bo .survived 
through all the sueceeding grades to affect all the pro- 
jectioas which contain this particular cohort. Thoreforo, 
it is important to double check the entering cohort if 
possible. 

The survival rates from births to seeond grade enroll- 
ment were projeeted by linear regression like the other 
.survival rates. These rates, unlike the grade* to grade 
survival rates, were allowed to decrease if previous trends 
in the state indicated that further decrease was likely. 

When all the survival rates were projeeted, we eomputed 
future enrollment estimates. We computed th(* estimate of 
enrollment for the first future year by applying the proper 
.survival rates to the actual enrollments of the last year for 
which they were available. The enrollment estimates for 
the second future year were computed from the estimated 
enrollments of the first future year, tin* third futun* year 
from the seeond future year, and so on until all tin* cohorts 
were survived through school. The eoinpulatiou of euroll- 
ment for a single state is illustrated below.® 

Step 1. Copy down the enrollment data and eomput(* 
the survival rates grade by grade. Table 11 shows tin* 
elementary grades for tin* period from 1941-1952. From 
inspection of the graph of the survival rates, select the 
years which will be used to compute the trend. 

Step 2. Copy down the births. Adjust them for under- 
registration and on school year basis. Since the minim.im 
age at which children are admitted to the first grade 
varies, adjustment to a school year basis should reflect 
the regulations of the state defining the eligible groii]). 
For e.\ample, if a child must be six before October 1 to 
be admitted to .school in September, the adjustment con- 
sists of taking the previous yoar*s births and % of the 
current year’s births. These adjustments are shown in 
table 12. 



*A more complete description of computing procedures can be found in 
Classrooms For How Maniff by tlic State of New York Commission on 
School Buildings. 



Taiilk 12. — Adjuslmcnt of births for under* registration and 
to a schooI~ycar basis 



Year 


Percent One- 

Reported of under* Correeted quarter 
births regis- l)lrth of 

tration previous 

year 


Three- 

quarters Adjusted 
or to sehool 
present year 
year 


1035 


38,530 


81.2 


47,480 . 






47,480 


1030 


30,028 


82.3 


44,808 


11,870 


33,051 


45, 521 


1037 


38,286 


83.5 


45,807 


11,217 


34,306 


45,013 


1038 


39,045 


84.6 


40,151 


11,467 


34,013 


40,080 


1039 




85.8 


44,121 


11,538 


33,091 


44,029 


1040- 




80.8 


44,020 


11,030 


33,007 


44,727 


1041 


40, 536 


88.2 


45,008 


11,232 


34,470 


45,708 


1042. 


46,430 


80.5 


51,802 


11,402 


38,806 


50,388 


1043 


50,317 


00.9 


55,340 


12,005 


41,512 


54,477 


1044 


47, 100 


92.2 


51,201 


13,837 


38,401 


52,238 


1045 


43,884 


03.2 


47,088 


12,800 


35,310 


48, no 


1040 




04.4 


53,086 


11,772 


40,400 


52,202 


1047 


57, 132 


05.4 


50,874 


13,406 


44,006 


58,402 


1048 


53,387 


06.2 


55,522 


14,068 


41,642 


50^010 


1040. 


51, 810 


06.7 


53,572 


13,880 


40, 170 


54, 050 


1050 


40,512 


07.1 


50,037 


13,303 


38,248 


51,641 


1051 




07.4 


51,808 


12,740 


38,024 


51,673 


1062. 


50,720 


07.6 


51,077 


12,074 


38,083 


51,057 



Taiu.k 13. — Computation of survival ratios, births to second 
grade enroUment, Alabama whites 



Year of birth 


Year of 
2d grade 
enroli- 
ment 


Number 

or 

a<IJusted 

births 


2d 

grade 

enroll- 

ment 


Enrollment 
divided by 
births 


Years 

eoded 










Y 


.Y 


1935 


.. 1042-43 


47,480 


40, 718 


0.9840 


-3 


1930 


. . 1043-44 


4A521 


45, 400 


.9987 


_2 


1937 


.. 1044-45 


45,013 


44,098 


.9805 


-1 


1938 


. . 1045-40 


40,080 


45,821 


.9044 


0 


1930 


.. 1940-47 


44,020 


45, 015 


1.0080 


1 


1940 


.. 1947-48 


44,727 


45, 717 


1.0221 


«> 


1041 


. . 1948-49 


4 A 708 


40, 142 


1. 0095 


3 










Xr*7.0038 


XA'oO 


1042 


.. 1949-50 


50,388 


47, 102 


.9360 . 




1043 


. . 1950-51 


54,477 


50,881 


1.0041 . 




1044 


. . 1951-52 


52,238 


42,411 


.8119 . 








48,110 


48,110 


1.000 . 




1940 


.. 1953-54 


52,202 


52,202 


1.000 . 




1047 


. . 1054-55 


58,402 


58, 402 


1.000 . 




1948 


. . 1055-50 


.50,010 


50,010 


1.000 . 




1949 


- . 1950-57 


54,059 


54,0.59 


1.000 . 




1950 


-- 1957-58 


51,041 


51,041 


1.000 . 




1951 


. . 1958-59 


51,073 


51,073 


1.000 . 




1952 


. . 1050-00 


51,057 


51, 057 


1.000 . 





Stop 3. Compute pereent of birth.s that enter the seeond 
grade seven years later. This is shown in table 13. 

Step 4. Project survival rates for eaeh grade into the 
future, using linear regression. Computations for births to 
seeond grade enrollment are shown below; the data are 
taken from table 13. The data for the sehool years 1949-50, 
1950-51, and 1951-52 have been omitted from the calcu- 
lations, because there were changes in the age at entrance 
which afTcctcd the size of the entering cohorts from 1950 
to 1952. The necessary figures for a rcgrc.ssion equation, 
taken from table 13, arc shown below. 



sa:=o sy= 7.0038 

SX2=2S SXK=.1454 ‘ 
JV=7 



A= Y/n =1.0005 



b= 



ZXY 



= .0052 



After A and b are determined, the regression equation 
Y=A+bX is used to estimate values of Y for future years. 
For example, we obtain a ratio of 1.0369 for 1952-»53, 
1.0421 for 1953-54, etc. 

Step 5. Consider the reasonableness of your projection. 
Is it in line with projections in other states? Docs it seem 
logical? In a state like Alabama, for instance, which lias 
had a history of out-migration, it seems unlikely that the 
number of students in the second grade will exceed the 
number of births seven years previously by any appreciable 
amount. Instead of using the regression line as a projection, 
the average ratio for the seven years from 1943-1949 
seemed a better type projection. Therefore the average 
:.0005 is rounded off to 1.000 for case in computation and 
projection. 

Step 6. Using the projected survival rates, estimate the 
future enrollment by applying the survival rates to the 
present enrollment and births. (Sec bottom half of table 
13.) 



DEMOGRAPHY^ 



Harvard Graduate School of Education 



The projection method used by the Harvard Study Staff 
is a pereentage of survival technique. This method, 
described in this appendix, involves the eomputation of 
the number of publie-sehool students in a given geo- 
graphical area who in the past have reenrolled in the 
public schools the following year. This computed figure 
is then used to predict future enrollinents. 

An alternative method of projection which the Harvard 
Study Staff seriously considered was a multi-variable 
technique which isolates all of the factors involved and 
treats them separately. Limitations in the data available 
from the public and nonpublic schools enrolling Water- 
town students prevented the use of this method. 

The assumptions underlying any demographic projection 
must be understood by the users if undue reliance on them 
is to be avoided and if the figures are to be reasonably 
adjusted should unforeseen events occur. In calculating a 
percentage of survival from, for example, the Phillips 
School first grade to the second grade, the basic assumption 
is that factors which have in the past prevented first-grade 
Phillips students from enrolling in the second grade the 
next year will continue to have the same overall effect. 
Thus a child might not enroll in the second grade because 
of retention in the first grade, dropping-out or exclusion 
from the public schools, transfer to nonpublic schools or a 
different Watertown school or the schools in a different 
town, death, or physical incapacitation. In addition, a 
student who had not been in the first grade of the Phillips 
School the previous year might show up for the second 
grade if his family moved into the Philli|)s School district, 
if he transferred from a nonpublic school, or if he was left 
back from the previous year's second grade. The pereentage 
of survival technique assumes that the net effect of all 
these factors will remain in the future as it has in the past. 
If any of these factors changes radically in the future, then 
the projections based upon this assumption will have to be 
altered accordingly. 

The largest potential error in the projections lies in the 
assumption that the relationship between the public and 
private schools of Watertown will remain unchanged. 
Historically, about 80 percent of Watertown's students 
have attended public schools. (See table 14.) After dis- 
cussions with officials of the Archdiocese of Boston and the 
principals of local parochial and private schools, it was 
determined that there are at present neither plans for new 
construction nor plans to phascH>ut any grade levels for 
these schools. To the extent that plans change, the pro- 
jections will have to be altered. 

It has been the experience of the Watertown public 
schools that the construction of high-rise apartments has 
had little or no effect on school enrollments. These apart- 
ments have tended to be single- or double-bedroom units; 
families which occupy them are generally without children. 
In addition, conversion of single-family homes to two- 
family units is minimal in Watertown. 

The Watertown School Department should be alert to 
possible future changes in these trends. Special attention 



should be paid to the disposition of the Arsenal site and 
the MBTA car barn. 

Birth-to-kindergarten projections rest largely on the 
assumption that the fertility ratio of Watertown women 
in each age group will remain at the 1965 level. A simple 
but important yearly cheek on the projections would be to 
compare the actual births each year in the 1966-71 period 
with the predicted births. To the extent that these predic- 
tions arc inaccurate, the enrollment projections, beginning 
live years afterward, should be adjusted accordingly. 

It is suggested that all projections should be updated on 
a yearly basis and particularly at such time as final plan- 
ning is made on any given facility or program. An annual 
census of school-age and prcschool-age children living in 
Watertown would provide this information most ac- 
curately. Close cooperation between the schools and the 
office of the Town Clerk would provide the schools with 
the necessary information on Watertown births. Much 
work is needed to update the recordkeeping system for 
providing information on enrollments of all Watertown 
children and all children attending schools in Watertown. 
A thorough study of the whole recordkeeping system 
should be made with a view to using data-processing 
techniques. 

Methodology. — A basic consideration in the develop- 
ment of a methodology for the projection of school enroll- 
ments is the need to provide information on public school 
enrollments in a form which \vill allow the development of 
plans for the districting of the town. This objective re- 
quired the division of projected school enrollments ac- 
cording to Some geographical sectioning of the town. The 
method for the distribution of present enrollments in 
Watertown follows. 



Taiile 14 . — Distribution of Watertown children in public 
and nonpublic schools 



Year 


Minors 

5-16 


Public 

schools 


Private 

schools 


Vocational 

and 

special 

schools 


Percent 

In 

public 

schools 


1061-62 


6, 851 


6.263 


1,667 


21 


77 


1062-63 


7.081 


6.558 


1,607 


16 


76 


1063-64 


7, 222 


6.487 


1,726 


9 


76 


1064-65 


7, 150 


6.613 


1,614 


23 


77 


196S-06 


7. 255 


6,445 


1,703 


14 


75 



Source: 1061-62 through 1964-05 from onnuol reporU of tho Department 
of Educattonr Public Document No. 2, tho Commonweolth of Massachusetts. 
1065-66 obtained directly from Department of Education. 



T.mile \ry.— Construction of new dwelling units 

Numbtr 

Year: 



1961. 

1962 

1963 

1964 

1965 
1966. 



194 

295 

366 

52 

137 

32 







I Source: Harvard Graduate School of Education; Watertown: 2t» SchooUand 
Need$t Cambridge, 1066. App. A. 



Source: Watertown Town Reports. 
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Initially an attempt was made to have the distriets used 
in the projeetions eonforiii exaetly to the eight present 
elementary sehool distriets. It was found, however, that 
often exaet sehoo] distriet lines are unelear. In some eases, 
children living on opposite sides of a border street attend 
the same sehool; in others, sucli ehildren attend different 
schools. Therefore, for projeeting enrollments by distriets, 
distriet lines were regarded as dividing border streets; 
children living on opposite sides of border streets went 
eonsidered to be attending sehoois in different distriets. 
The eight school districts were then divided into a total of 
sixty-nine subdivisions. 

With the aid of eoinputers, school enrollments for 
1966-67 and Watertown births for 1958 through 1965 were 
distributed into the eight distriets and sixty-nine sub- 
divisions by address of parent. Addresses for ehildren in 
kindergarten through grade 9 were obtained through a 
speeial sehool eensus administered by the Watertown 
teaehers at the request of the Study Staff. Addresses for 
children in grade 10 through grade 12 were obtained from 
data available at the New England Edueational Data 
Systems. Parent addresses for birth data were provided by 
the office of the Town Clerk. Projected births for 1966 
. through 1971 were also distributed geographically.^ The 

births for 1962 through 1965, the projected births for 1966 
through 1971, and the present school enrollments form the 
basic data used to project enrollments for the next ten 
years by the percentage of survival method. 

The method described results in a grndc-by-gradc 
distribution on enrollments over the sixty-nine subdivisions 
of the town for each year of the projections. Such data 
allowed the Study Staff to investigate the implications 
of various districting patterns and grade organizations. 

Although these data represent the best estimate of the 
school population of the individual subdivisions of the 
town, they must be viewed with some caution. Trying 
to predict the number of children who will reside in a small 
geographic area ns much as ten years from now is very 
difficult. The greater the number of subdivisions that 
arc combined, the greater is the expected \*alidity of the 
projection. Such estimates arc made to provide data for 
overall planning purposes. The validity of any individual 
subdivision projection is not to be relied upon heavily 
I in the overall planning. Therefore, too great a reliance 

should not be placed upon the exact boundaries described 
in the long-term districting recommendations. 

Predicting the Number of Births. — Tn order to predict 
I how many students there will be in Watertown Kinder- 

I gartens in 1976, it must first be predicted how many 

; Watertown children will be born in 1971. Rather than 

, trying merely tocstablish a trend from a tabicof the number 

; of births in Watertown in the past, the Study Staff has 

j used a more complex method. 

! Census reports include the age of Watertown women 

I for those years. Using a |)crccntagc of survival technique 

j similar to the one just dcscribcdi 1965 data can be used to 

I predict the age distribution of women in Watertown until 

I 1971. This set of figures and a calculated fertility rate for 

I 

* since these births represent future births, no oddresseseitst for them. Tlio 
\ distribution of these births into the sixty-nine subdivisions was determined 

} by an analysis of the pattern of distribution of births over the same subdlvi- 

I lions during the period lMS-1065. 



these women can bo used to predict the number of births. 
A more detailed e.\pIanation follows. 

Table 16 shows the age distribution of women in Water- 
town according to eensus reports. 

T.viilk 16.— A(/c distribution of women 



Ago group itiw * WW * itws 3 



lOtoH i»3^0 1,6W 1,481 

15 to 19 h073 1,283 1,424 

20to24 t.409 1.26b 1,051 

25 to 20 h033 1,471 1,000 

30 to 34 h007 1,383 1,201 

35 to 39 b409 1,372 1.204 

40 to 44 b429 1.310 1,311 



I The Decennial Crnsus, 1955, Mass., .Sect, of the CommomveaUh. 

• U,S, Cams of Population t Mass. Oeneral Pop«/a//on Characteristics. 

3 From the 1065 Moss, census, not yet publislied. 

Table 17 sliows the calculation of a percentage of 
survival of the number of women in a five-year age group 
to the number of women in the next age group five yeans 
later. In table IS, these empirical percentages are applied 
to the 1965 age distribution to obtain a 1970 distribution. 

It can be assumed that % of the change in the number 
of Watertown women between 1965 and 1970 took place 
each year and that the same % change can be applied to 
the 1970 figiirc to get a figure for 1971. In this mumicr, 
table 19, showing the number of women in Watertown by 
age group, was compiled. 



T.milk 17 . — Percentage of survival 



Ago group 


1955-60 

l>erccnt survival 


1960-05 

percent survival 


Sum 


Average 

percent 

survival 


10-14 to 15-19.. 


. 1,283/1.340>>O.OS32 


1,424/1,505-0.0099 


1.8631 


a 9316 


15-19 to 20-24.. 


. 1,2S1/1,073>1.1G59 


1,651/1,283-1.2808 


2.4527 


1.2264 


20-24 to 25-29.. 


. 1, 471/1, 409-1.0440 


1, 660/1 ,?51- 1.3317 


2.3757 


1. 1879 


25-29 to 30-34.. 


. 1, 383/1, 633«03460 


1,201/1,471-0.8105 


1.6634 


.8317 


30-34 to 3V39.. 


. 1,372/1,607-08538 


1,204/1,383-08700 


1.7244 


.8622 


35-39 to 40-44.. 


. 1,316/1,409-0,0340 


1,311/1 ,372-a0555 


1.8895 


.9448 



T.viilk 18 . — 1970 predicted age distribution of women 



1965 Number Percent Prediction 1970 

a group in 1965 survival tor 1970 ogo group 



1965 Number Percent Prediction 1970 

age group in 1965 survlvol tor 1970 ogo group 



10 to 14 MSI 0.9316 1,481 (a03l6)-l, 380 15 to 19. 

15 to 19 1.424 1.2264 1,424 (1.2264)-1, 746 20 to 24. 

20 to 24 1.651 1.1879 1,651 (1.1879)-1.961 26 to 29. 

25 to 29 1.617 . 8317 1.617 (0.8317) -1,345 30 to 34. 

30 to 34 1.201 . 8622 1.201 (a8622)-l,03C 35 to 39. 

35to39 1.204 . 9448 1,204 (a0448)-l,l38 40to44. 



Tablb 19 . — Women in Watertown by age group, 1066-71 



Ago group 1055 1967 1968 1959 1070 1071 



15 to 19 1.415 1,406 1,398 1,389 1,380 1,371 

20to24 1,670 1,689 1,708 1,727 1,746 1,765 

25 to 29 1.725 1,784 1,843 1,902 1,951 2,020 

30to34 1.230 1,259 1,287 1,316 1,345 1,374 

35 to 39 1.170 1,137 1,1W 1.070 1,036 1,002 

401044 1.276 1,242 1,207 1,173 1,138 1.103 
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The second major task in predicting the number of 
birtlis is to coinpulo fertility ratios (number of births per 
tliousand women) for these age groups. As can bo seen 
from table 20, the number of births in Watertown was 
fairly stable until 106.'>. 



Table 20.— A'amber of hirlhs in Walerlown, 1960-65 



Year 


Birth! 


1950 


... 807 


1951 


... 864 


1952 


... 840 


1953 


... 858 


1954.. 


916 


1955 


931 


1956 


952 


1957 


.... 986 



Year 


BUthi 


1958 


975 


1959 


991 


1960 


970 


1961 


1012 


1962 


925 


1963 


955 


1964 


929 


1965 


831 



Source: Town Clerk's Omco. A chock or the nctunl blrth-rocord ccrtincotcs 
occasionally revealed a higher flguro llian thot supplied to us by tho clerk. 
In such a cose, the higher figure was used. 



Fertility ratios have been estimated for 1955, 1960, and 
1965. The rates for “1955” and "1960" were computed by 
reference to the following three-year averages of births 
to help offset any unusual deviation for those years. 



"mt" bM$ 

Year Olrlhi 

1954 

1955 

1956 

Total 

Average 933 

"is&y'bMiu 

1959 991 

1960 

1961 912 

Total 2, 973 

Average.. 991 



This procedure could not be used in calculating the 1965 
fertility ratios because the 1966 birth data arc not yet 



complete. For reasons explained below, however, the actual 
figure of 831 births was u.scd in 1965 fertility ratio calcula- 
tions. 

The estimation of fertility ratios is based on the assump- 
tion that fertility ratios between age groups remain in a 
constant proportion to each other. Fertility weights 
previously computed’ were multiplied by a common 
multiplicative factor in each of the years 1955, 1960, and 
1965 to calculate the fertility rate for that year. The 
general formula to compute the factor is; 

lOOON 

F, . Wi+Ft .Wi... F„ . W„, 

where Af=the number of births, the Ft, Ft, . . . F„ mc the 
number of females in each age group, and the lFir 11 1 , • • • 
IF, arc the fertility weights for the corresponding age 
‘ 1 000X933 

group. For 1955| the factor is ' ^ — = 626. 

For 1960 it is 729; and for 1965, 556. The resulting set of 
fertility ratios is shown in table 21. The fertility ratios 
multiplied by the number of females in each age group 
give a total number of births equal to that observed in the 
year. 

Although on the surface, the 831 births in Watertown in 
1965 represent a remarkable 11 per cent decrease from 
the preceding year, it in fact reflects a national trend. The 
decrease in births for the United States as a whole was 9 
per cent, a figure that was exceeded in many nearby towns. 
For example, Dedham experienced a 12 per cent decrease 
in births the same year. The trend has continued nationally 
into 1966, although there arc indications that an eventual 
increase in the number of women between the ages of 
15 and 44 may again set off rises in the number of births. 
The decrease in fertility ratios observed in table 21 also 
reflects a national trend and is expected to continue. 
The 1965 drop in Watertown exceeds the national average 
and ma.v not be repeated for some years. Therefore it 
was assumed that Watertown's fcrtilit3’' ratios through 
1971 would be equal to those estimated for 1965. 

The predicted number of births for 1966-1971 can be 
calculated by multiplying the 1965 fcrtilit3^ ratios b3' the 
number of women by age groups. 

• Fertility weights computed by Poscal K. Whelpton In Forecatls of the 
Population of the United Statu mS-mS (Washington, 1947), p. 21, wore 
verified for the New England area. Ilorvord University Study StuH, A 
Report on the Sehoole of Boston, May, 1962, p. A-3. 



Table 21. --Feriiliiy ratios 





Female population Fertility 


Fertility ratios 






Births 




Age group 


1955 


1960 


1965 


1055 


I960 


1065 


1955 


1960 


1965 


15 to 19,..--.-.. 


1,073 


1,283 


1,424 


ao6 


50 


58 

4141 


44 

107 


64 

265 


74 

274 


63 

276 






1,251 


1,651 

1,666 

1,201 


.30 

.30 


188 


010 


IQf 

1A7 


307 


322 

202 


278 


* * 


1,633 


1,471 


188 


JiV 


IQf 

111 


201 


133 


30 to 34.... 




1,383 


.20 


123 


110 


III 

KA 


89 


100 

20 


67 


TS tr> 30 




1,372 


1,204 


. 10 


63 


7«l 

1ft 


ou 

II 


19 


14 


40 to 44.. 




1,316 


1,311 


.03 


13 


10 




















3935 


3 992 


831 






• The weights are proportional to fertility ratios in each age group and odd up to 100. 

* Bim differs from actual **1955^' and ”1960 * figures because of rounding. 
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Table 22. — Projected bitthe by age groups 1966-71 



Age group 1060 1067 1068 1060 1070 1071 



16 to 10 62 62 62 01 01 60 

2010 24 270 282 285 288 202 206 

25 to 20 288 208 308 318 327 337 

30 to 34 137 140 143 140 140 163 

36 to 30 66 04 0 2 00 68 60 

40 to 44 14 14 13 13 13 12 



Total births 840 860 873 880 000 013 



Summary: Projection of births. 

Year: BiUht 

1066 846 

1067 860 

1068 873 

1060 886 

1070... MO 

1071 013 



The Percentage of Survival Method. — The October 1 
attendanee figures os reported by the prineipols have tieen 
used with the following two correetions: 

(a) The sixth grade of the Phillips school has attended 
Parker sehool in 1965 and 1966. To provide figures for 
the Phillips and Parker schod distriets, these children have 
lieen eounted according to the distriet in which they reside. 

(b) Hosmer school was not open in 1966. To provide 
projections for Hosmer schod district and to avoid letting 
the Hosmer children affect the calculations in other 
districts, the number of children living in the Hosmer school 
district has been subtracted from the totals of all other 
schools and credited to the Hosmer district. 

Many other demographic studies have used a birth-to- 
first-gradc percentage of survival calculation because of 
great fluctuations in the rate of survival from kindergarten 
to first grade. This latter rate in Watertown, however, is 
relatively stable. After comparing both techniques, it was 
felt that considering kindergarten enrollments the previous 
year would be a better predictor of first-grade enrollments 
than six-ycar-old birth data. Therefore a birth-to-kindcr- 
garten percentage of survival was used as the basis for the 
projections. 

The percentage of survival was based on a four-year 
period because the data on the distribution of births by 
school district extended back only to 1958. This data would 
relate to the 1963 kindergarten class. Since there is kinder- 
garten enrollment data for 1963, 1964, 1965, and 1966, 
at most a four-year average could be utilized. An example 
follow's: 



Births In PhUIlps 
school district 




Kindeixarten 

enrollment 




D-K percent 
survival 


1958- 


129 


1063 


Ill 


lU/120-a860(7 


1959- • 


118 


1964 


91 


9I/U8- .77119 


i9M_ 


115 


1965 


97 


07/115- .84348 


l96l— • 


121 


1966 


99 


99/121- .81818 


Sum- 










Average 











Therefore the birth-to-kindcrgartcii survival rate for the 
Phillips school district is .8233r 
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To predict the kindergarten enrollment in the Phillips 
school in 1973, it is necessary to utilize 1968 projected 
births. It is anticipated that there will be 873 births in 
Watertown in 1968. That year, it is expected that .1425 of 
Watertown’s births will occur in the Phillips school district, 
or 873(. 1425) = 124. Thus .8233 of this amount, or 
124(.8233) = 102, will enroll for kindergarten in 1973. 

For all other calculations besides the birth-to-kindcr- 
garten percentage of survival, a percentage of survival 
technique based on a five-year average has been used. The 
Staff could go no farther back than 1961 because, effective 
with the opening of schools in 1961, the boundary lines for 
Cunniff, Browne, and Lowell Schools were changed.’^ 
change effective in 1962, involving Browne and Cunniff 
schools, which allowed students living on certain streets 
who would be in the sixth grade in 1961 to remain in their 
old schools rather than transfer, will not affect these 
calculations as sixth grade figures for 1961 arc not used in 
the calculations.) An example follows: 



Orado 5 OradoO Percent 
survival 



1961« 57 (*) 

1962- 60 57 57/57-1.00000 

1963- 46 04 04/60-1.00666 

1964- 64 42 . 91304 

1965- 01 63 .98437 

1966 (0 65 1.06557 



Sum 5.02964 

Average 1.0059 



> Not relevant to this percentage of survival calculation. 

Thus the percentage of survival for Cunniff, from fifth- 
to sixth-grade, is 1.0059. For example, since it is predicted 
that there will be fifty-four students in the Cunniff fifth 
grade in 1968, we would expect 54(1.0059) = 54 students 
in the sixth grade there in 1969. A similar calculation was 
performed for all districts, K-6. 

The students from Cunniff, Browne, Lowell, Marshall 
Spring, and Parker schools will attend West Junior High 
school. The students from Hosmer and Coolidge will at- 
tend East Junior High school. Students from Phillips may 
attend either junior high school. Although there is a 
junior-hi^h-ochool district line which runs down Common 
Street, into Mount Auburn, and then into Irving Street, 
cutting Phillips schod district in two, in reality all the 
children in the district have the choice of attending cither 
junior high school. 

From data supplied by the Phillips principal, the per- 
centage of children who entered West and the percentage 
who entered East were computed. In this manner, a 
composite percentage of survival for Watertown sixth 
graders entering the seventh grade was computed for each 
junior high school. Percentage of survivals calculated for 
each junior high school were applied to all districts feed- 
ing that junior high school. Town-wide average survival 
rates were applied to the Phillips school district. Survival 
rates calculated for the high school were applied to all 
sections of the town. Table 23 show's the survival rates 
calculated* 

Projections. — ^In the manner described above, the Study 

Sea School Committee Minutes, 4A2/61. 
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Staff has projected enrollments for the Watertown public 
schools for each of the years 1967 through 1976 for each 
of the eight elementary school districts and sixty-ni 



subdivisions. Tables 24-25 show system-wide grade-by- 
grade summaries for those years and i)rojected total enroll- 
ments under the proposed 4-4-4 organizational pattern. 



Table 23 . — Average percentage of survivals 



SCHOOL 


B-K 


K-1 


1-2 


2-3 3-4 


4-6 


5-6 


6-7 


7-8 


8-9 


9-10 


10-11 


11-12 


nROWNE 


0.72S8 


0.0007 


a8565 


0.8083 1-0014 

.0100 -8834 

.0002 .0844 

1.0035 .9533 


a 9450 

ntti A 


1.0007 

OlA!l 


1.0033 

.9007 


1.0105 

1.0161 

1.0105 

1.0161 

1.0105 

1.0105 

1.0105 

1.0129 

1.0161 

1.0105 


1.0137 

1.0057 


a0974 

.0974 


1.0320 

1.0320 


0.0674 

.9674 


COOLIDOE 

CUNNIFF 




.6954 

.9240 

.6397 


.0132 

.0005 

.8755 


.8205 

.0121 

.8060 


. vdlo 

.0509 

.0902 


. VlOO 

1.0050 

1.0017 

(VTQA 


1.0033 

.9907 

1.0033 


1.0137 

1.0057 

1.0137 


.0974 

.0074 

.0974 


1.0320 

1.0320 

1.0320 


.0674 

.0674 

.0674 


T nWELL 


.5567 


.0051 


.8085 


.0636 1.0807 
.9337 .W66 
.0826 .9088 


.0601 


.UfoO 


1 non 


1.0137 


.0974 


1.0320 


.0674 


MARSHALL SFRINO.... 

•p A niTBR 


.6031 

.7726 


.7008 

.6007 


.0315 

.8844 


.9868 

1.0555 

1.3970 


. v5Vv 

1.0046 


1.0033 

oo7n 


1.0137 

1.0009 


.0974 

.0974 


1.0320 

1.0320 


.0674 

.0674 


PHILLIPS 

E. JR. HIOII 

W. JR. HIGH 

on high 


.8233 .8604 


1.0341 


.9088 1.0054 


l.UUUI 


• Vvf \l 

.9907 

1.0033 


1.0057 

1.0137 


.0974 

.0974 

.0974 


1.0320 

1.0320 

1.0320 


.0674 

.0674 

.0674 


Town Total 


,6886 


,8030 


.0023 


.0508 * 9705 


,9784 


,0909 


.9970 


1.0120 


1.0009 


.0974 


1.0320 


.0674 



Table 2i— Projections of Watertown public school enroll- 
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Tahlk 25 , — Projections of cnroUmcnia in 4-4^4 otf/antza- 
tional pallcrns, 1067“76 



Year K 


1 


2 


3 


4 


5 


6 


7 


8 


0 


10 


11 


12 


Total 


Yoar 


K-4 


5-8 


9-12 


Total 


















400 


433 


461 

433 

460 


459 






lOA? 


2,730 


1,050 


1,823 


0,512 


1067.. 632 


574 


508 


511 


514 


505 


498 


487 


470 


6, 512 


lOAft 


2,740 


1,988 


1,811 


6,530 


1968.. 673 


547 


510 


487 


514 


506 


498 


407 


487 


400 


462 


456 


6,530 

A RAQ 


I90Q 


2,716 


2,003 


1,840 


6,568 


1060.. 655 


588 


494 


490 


489 


601 


601 


601 


500 


488 


440 


461 


0, OOo 


IQ70 


2i655 


1,088 


1,000 


6,543 


1070.. 582 


571 


531 


475 


490 


477 


502 


502 


507 


503 


488 

501 

509 


476 


433 


D, Old 
A KOA 


1071 


, 2,580 


1,061 


1,974 


6,524 


1071.. 590 


502 


522 


502 


473 


482 


469 


601 


509 


509 


504 


400 


A Ain 


1072.... 


'AMe 


1,015 


2,020 


6,510 


1072.. 507 


510 


460 


496 


503 


461 


478 


470 


506 


515 


517 


488 

»A« 


0, OIU 
A AA7 


1073.... 


2i523 


1,002 


2,042 


6,467 


1973.. 607 


519 


464 


438 


405 


402 


457 


478 


475 


600 


514 

508 

482 

488 


518 


601 


0, lOf 

A AIA 


1071 


2,483 


1,012 


2,021 


0,416 


1074.. 617 


522 


466 


442 


436 


486 


486 


457 


483 


483 


521 


509 


6,110 


1975.... 


AMO 


1,853 


2,010 


6,403 


1075.. 631 

1076.. 637 


537 

544 


480 

488 


450 

460 


442 

451 


426 

434 


480 

424 


485 

470 


462 

494 


480 

467 


526 

408 


513 

508 


0,lUo 

6,372 




A*80 


1,831 


1,061 


6,372 
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Chapter 4 

SHORT-RANGE SCHOOL ENROLLMENT PROJECTION 
TECHNIQUES CONTINUED: DWELLING-UNIT 
ENROLLMENT-YIELD MULTIPLIERS 



o 
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Another approach for making shortrun pro- 
jections is through the use of information on the 
inventory of housing in the community, and the 
average number of pupils yielded by each type of 
housing, for example, one-family dwellings vs. 
apartment houses. This approach has particular 
merit for those local school areas undergoing 
substantial growth in the development of the 
land-space of the community or for those com- 
munities whose annual fluctuations in enrollment 
are geared to significant fluctuations in the 
employment size of the local work force; for 
example, “federally-impacted’' communities, areas 
with a substantid segment of the employment 
base consisting o.f civilian or military personnel 
assigned to federal facilities. For these com- 
munities, the dwdling-unit, enrollment-yidd meth- 
od of forecasting school enrollment often can 
provide useful information for planning the timing 
for school construction, as well os for school 
personnel recruitment and development. 

Ideally, a community should use both ap- 
proaches — the cohort-survival and the dwdling- 
unit enrollment. Each method is fairly independent 
of the other, thereby providing a check. Both 
techniques should provide reasonably similar 
projections for the target date in order to insure 
confidence in the estimates. This is especially so 
if the target date is no more than 5 years in the 
future. If, for example, both indicate that enroll- 
ment will increase about 15 percent in the following 
5 years, then school officials can be reasonably 
confident of the projection. On the other hand, if 
one technique suggests an increase of about 5 
percent, and the other one of 15 percent, then the 
school officials are in a dilemma. Neither set of 
techriques can be demonstrated to he inherently 
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more accurate than the other. Accordingly, only 
a careful subjective appraisal using'ull information 
available to the community can suggest what 
may be the best estimate. 

In this chapter we shall cover some basic 
topics along with two examples of Uie application 
of the approach. They are: first, general informa- 
tional and organizational requirements of the 
approach; second, the derivation of pupil-yield 
multiples for estimating school facility capacities 
in Montgomery County, Md., and for local areas 
in California. 

Housing Inventories and Land-Use Surveys 

The technique, “dwelling-unit enrollment-yield 
multipliers,” taking ns it does existing and antici- 
pated constniction into account, is really a land- 
use survey applied to school enrollment projections. 
Many communities conduct such surveys for 
purposes of planning roads, police and fire service, 
and other public services. Private organizations 
use information on how the land is being utilized 
at present, and how it might be utilized in the 
future, for planning the opening of retail stores to 
the installation of telephone cables, and so forth. 
By the simple device of using the type of dwelling 
unit to estimate the probable number of children 
enrolled in public schools, the land-use survey 
becomes a technique for projecting school 
enrollment. 

Note also that this technique is most useful for 
the shortrun period, perhaps 2 to 5 years ahead. 
It is useful to the extent that construction work 
has begun, building permits issued, or housing 
development seriously contemplated. For longer- 
range periods, the land-use survey becomes largely 
judgmental. When — 5, 10, 20 years hence — ^\vill a 
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given parcel of land be developed? And \vill it be 
for single-family detached structures or some 
other construction? Zoning laws stipulate the type 
of permissible structure, but what is to prevent 
the present zoning laws from being changed 10 
years from now? 

An interesting methodologj’^ is being tested in 
Bucks County, Pa., for making longrun projec- 
tions based on j)resent and future housing supply. 
The report — “Estimate of huture Po])ulation 
Growth by School District, Bucks County, Penn- 
sylvania”— describing the methodology is given 
in appendix D. The authoi’s wrote: 

This estiniftte of population growth by .school district 
depends oil a tuclhodology which is slill under development 
(italics ours) but is consistent with results produced b,\ 
special censuses taken in Bucks County since 1960. 

How useful these procedures may be for other 
counties or communities is difficult to say since, 
apparently, Bucks County and the rest of the 
Philadelphia Standard Metropolitan Area is the 
only part of the country where this has been tiied. 
Perhaps one of the reasons why other counties had 
not tested it since 1960 is that special censuses — 
past 1960 — are recpiired, as well as numbers of 
building permits. Furtheniiore, intimate and de- 
tailed knowledge of the local area is required. 
Perhaps after the 1970 Decennial Census results 
become available, other communities may be able 
to test the method. 

It should also be noted that it is not certain that 
this method can be applied to a small area without 
taking into consideration the county or region of 
which it is a part. The authors wrote: 

It is an open question whether there is any such thing 
as a purely local trend in the development of a small 
area’s population. The population growth of a small area 
appears to depend not only on the growth of its own 
housing supply but also on the provision of housing in 
many, many other small areas. 

General Information Requirements 

To begin, there must be considerable coopera- 
tion and communication with the local construc- 
tion and real estate industry. Foreknowledge of 
future real estate development expansion, in 
conjunction with the pupil-yield characteristics of 
the intended housing, will aid school planners in 
the location and acquisition of site facilities and 
determination of local school transportation needs. 
A good exami)le of this is the enabling legislation 
of Dade County, Fla. w'hich requires submission 
of real estate development ])lans to the county 
school planners. Thus, they can evaluate the effects 



of the intended development upon future school 
enrollment, facilities, and other needs. 

Second, information also should be obtained on 
the destruction of housing. If it is known that a 
large area of houses is to be cleared in order to 
provide new' highways or bridge approaches, that 
information may be us important, or more so, than 
the numbers of new' dw'elling units scheduled for 
construction. Furthermore, if existing buildings 
are to bo torn dow'ii and replaced w'ith a different 
type of dw'elling unit, that too should bo known 
in advance. With such information, estimates of 
the probable loss in public school enrollment can 
be set alongside information on the possible gain. 

Third, the usevof the dwelling-unit enrollment- 
yield multiplier a])proach must be intimately 
aware of the housing cycle of the local community. 
This is perhaps best illustrated by the case of 
Montgomery County, Md. The 1960 nvedinn 
family income of $9,340 and educational attain- 
ment levels of 13.3 years for men and 12.6 years 
for women (population aged 25 and over) plac^ 
the county among the highest in the Nation in 
these tw'o characteristics. Until the early 1960 s 
the county served largely as a bedroom for Federal 
Government employees. However, w'ith the rapid 
growth of a federally-supported science-based 
industrial complex, the community grew more 
rapidly and took on a different character. Let us 
examine some aspects. 

In the lower third of the county, immediately 
adjacent to the District of Columbia, older, 
previously expensive housing began to depreciate 
in value, falling to a price range which relatively 
young large families could afford. The result was 
that schools in this area experienced a relatively 
rapid increase in enrollments, particularly in the 
elementary grades. 

In another portion of the lower third of tlie 
county, a somewhat different phenomenon w'as 
going on. Surveys of an intensive built-up area 
comprised of high-rise apartment units and popu- 
lated largely by young families of moderate income 
levels consistently overestimated the number of 
transfers of pupils from kindergarten to first grade. 
In one survey an exi)ected number of 400 first 
grade entrants in a particular school from the 
preceding spring term of kindergarten dwindled to 
less than 40 by the start of the fall term, le 
apparent cause of this massive out-migration was 
that many families with children, ages 4 to 6, 
purchased single-famUy dweUings and moved to 
other areas of the county served by other schools. 




Since the several school buildings were part of the 
same school district, however, the total enroll- 
ment for the entire district was not affected. 

The county development board approved the 
creation of a new form of dwelling unit known as 
an apartment hotel. School planners in Mont- 
gomery County, after consultation with several 
developers interested in the construction of such 
units, anticipated a substantial drop in the pupil- 
yields from such units. The major reason is that 
the units are geared to the demaiuls of middle- 
to-older-age pci'sons and to couples who are well 
past the child-reaiing stage of the family life cycle. 

Another e.xample of the effects of the family life 
cycle is given in the Bucks County re|)ort (ap- 
pendix D). Despite the increase in |)opulation 
between 1960 and 1965, school enrollment in- 
creased only by the amount expected on the basis 
of the number of preschool age children, under age 
5, living in the county in 1960. The authors 
explain this apparent contradiction by stating 
that, “The major trend 1960-1965 in school en- 
rollments has hod to do with the aging of the 
resident population.” 

It would thus appear that intimate knowledge 
of the local housing cycle in conjunction with some 
general knowledge of family life-cycle behavior — 
particularly on the cpiestion of timing of housing 
purchases — would aid school planners in the de- 
sign and conduct of dwelling-unit surveys, as well 
as the exploitation of local building-development 
information. 

Use of Dwelling-Unit Pupil-Yield Multipliers 

Montgomery County, Md. 

The Montgomerj' County Educational Services 
Administration through its Division of Planning 
has had considerable experience using the dwelling- 
unit pupil-yield multiplier approach for projecting 
enrollments for its 160 or more schools. 

To accomplish this the Division of Planning 
divided the county into 12 educational planning 
regions. Each planning region consists of several 
elementary and secondary schools, as well as a 
number of kindergarten units. In some cases 
planning regions were established in portions of 
the county \yhich have only recently (latter 
1960’s) been developed, but which are expected 
to grow during the next 5 to 7 years. As a result 
several of these planning regions have only 
kindergarten and elementary facilities. However, 
sites for the acquisition of secondary facilities are 
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already, or are currently (1968) in various stages 
of being programed. 

The planning division has placed the planning 
regions onto several dozen grid squares com parable 
with the 1:200 scale maps used by the County 
Planning Commission for land zoning and develop- 
ment. Information on the state of construction 
activity, the inventory of occupied and vacant 
dwellings, location of present and future educa- 
tional facilities, and their cuiTent capacity levels 
is entered on the grid squares comprising the 
individual planning region. A small number of 
items of information are entered on one acetate 
sheet. These acetate overlays are superimposed 
on the County Planning Commission land zoning 
maps. Inspection of these acetate sheets then 
gives clues as to the next steps to take — site 
inspection and acquisition, and other plans. 

Information on the housing construction 
activity levels of each grid square in the planning 
regions are obtained from building permit data 
supplied by the County Clerk’s Office, site visits 
by planning division staff membei-s to individual 
real estate developed, and dwelling-unit surveys 
made by the Planning Division and conducted 
through the schools. Capacity information on the 
individual schools are obtained from normal 
operating reports submitted to the County 
Educationnl Services Administration by school 
principals. 

In the above Nvay data on the existing and 
expected numbers of dwelling units by type — 
single family detached, single-family attached, 
etc. — are obtained. If we now know on the average 
appvo.ximately how many pujiils will live in each 
type of dwelling unit, we can calculate total 
school enrollment. Such information sometimes 
can be obtained from the decenninl census; more 
likely a special local survey will be needed. 
Knowing the number of dwelling units of a 
specific type, and the number of children enrolled 
in public school and living in that type of dwelling 
unit, average yield per residential dwelling can be 
calculated. An e.\ample for Montgomery County 
is given in table 26. Note that a single-family 
detached unit provides on the average eight 
times ns many public kindergarten and elementary 
school pupils as does a high-rise apartment — .80 
pupils ns compared with 0.10. 

Unfortunately, these average yields are not 
fixed values over time, but are subject to change. 
Therefore, periodic surveys are required. There 
are two reasons why they vary. One is the family 
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Tablk 2Q— Public sludenl yields per residential dtojlling 
unit, M ontgomcr If County t M(L 



Pop- 




Total 


Kln- 


ula- 


Totol 


Wltlh 


der- 


tion 


with 


out 


par- 


per 


klii- 


kin- 


ten 


dwell- 


(Icr- 


der- 


and 


lllR 


pur- 


par- 


ele- 


unit 1 


ten 


ten 


men- 

tary 



Kill- Elc- Juii- Sou- 

dor- moil- lor lor 

gnr- tnry Iilgli lil^li 

ten scliool scliool school 



1 and 2 
fomlly 
units 



(averages 
all zones) . . . 


3.7 


1.44 


1.31 


0.K0 


0.13 


0.07 


0.34 


0.30 


SInple-fanilly 
dotaclied units — 


3.7 


1.44 


1.31 


.80 


.13 


.67 


.34 


.30 


SInplo-fanilly 
attached units — 


3.0 


1.18 


1.07 


.05 


.11 


.54 


.28 


.25 


Apartment 
units 
(averages 
all zones)... 


2.4 


.28 


.25 


.15 


.03 


.12 


.07 


.00 


Low*rlso 

apartments 


2.8 


.50 


.51 


.31 


.05 


.20 


.13 


.12 


Illgh-rlso 

apartments 


2. 2 


.11) 


.17 


.10 


.02 


.08 


.05 


.(M 



» Tlio dwelling unit factors (population |>cr dwelling) and the school dill- 
dron factors (students per dwelling) apply to total dwellings, both occupied 
and vacant (assuming normal vacancy ratios). The school children factors 
arc far public school only; they do not take Into account parochial and private 
school onrollmcnls. 

Source: Uesearcli and Special Studies llraiich. Advance Manning Section, 
Marylaiid-Natlonal Capital Perk end Hanning Commission. 



cycle; a ftunily may continue living in its single- 
family detached house long after its children have 
completed secondary school. A second reason is 
changes in the birth rate. Even among families of 
an age likely to have children in elementary or 
secondai*y school, the number of children will re- 
flect the general level of, and changes in, the 
national birth rate. Beginning in the latter I960’s 
in the United States, the birth rate began to 
dedine. Beginning in the early 1960’s- then, it is 
likely that the average yield per residential dwell- 
ing unit began to decline. This decline, of course, 
must have occurred at different times in different 



parts of the country, and must have varied fiom 
one county or local school district to another. 

State of California 

The Bureau of School Planning in the State of 
California Department of Education reviews the 
facilities plans of individual school districts in the 
State school system. As part of the normal review 
procedures of the Bureau, several series of enroll- 
ment projections are made using the dwelling-unit 
pupil-yield approach. The period of projection 
varies with the school level : 3 years for an elemen- 
tary, and 4 yeai-s for a secondary school facility; 
for land acquisition purposes, the projection is 7 
years. 

The dwelling-unit pupil-yield projections are 
used in conjunction with other enrollment projec- 
tions — most notably cohort-survival enrollment 
proj ections — to provide bureau staff members 
working with local district officials with a means 
of i)ortraying local conditions. 

As in the case of Montgomery County, baac 
enrollment or attendance data are derived from 
normal operating information compiled by thelocal 
school districts and supplied to the State Depart- 
ment of Education. Data on housing units under 
construction are obtained from field inspection 
made by the local district official or bureau staff 
members, building |)ermits, and discussion with 
developers. Dwelling-unit pupil-yield multipliers 
are obtained from statistical analj'sis of pre- 
viously conducted field surveys. These mvdti- 
pliers have been developed for several classes of 
housing, as well as for individual grades within 
each class of housing. 

E.xhibit 6 is a worksheet covering computation 
made for the elementary level projections, while 
e.xhibit 6 covers computations on procedures for 
the secondary school projections. E.diibit 7 shows 
the procedures, factors, and computations for the 
land or site acquisi jon surveys. 
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EXHIBIT 5 — Projected Average Daily Attendance 



Schoel diitrici Cmmtf 



Cades m.iintaincd: to incliuive 

ZNi^OLL?/:21\’7 FROM FORM R-}0 

Mooth Year 



Grade 


1 K ' 


i 1 1 


1 2 


> 


4 


5 




7 


8 


Special 


Ungreded 


Total 


Enrollmo.ic 



























!• Number of adults and nonresident pupils 

2. TOTAL REMAINING ENROLLMENT, excluding item 1 above 

5. Three times Srst grade enrollment 

Total earollmcnc in three highest grades maintained 

First jrade enrollment minus enrollment of three grades 

4. Number of children on kindergarten waiting list 

5. Number of resident pupils attending out of district 

6. Number of houses under ennerrugfinn />n _ 

Month D«r Yoor 

7. Number of pupils to be hou.scd. (Number of houses X house factor for grades to be housed) 



Kindergarten 
Grades 1-6 


(Nn* a/ hnuccs X **^) 
(Na. ftf liAiio>c V .84) 


pupils 

piintlc 


Grades 7-8 


(Nn. nf liAiic«c X -21) 


niinilo 


Total 





HOUSE FACTORS 


Kindergarten 




Grade Three 


.13 


Grade Six . 


•12 


Grade One 


IS 


Crade Four . 


.14 





.11 


Grade Two 


... .. .13 


Grade Five 


1} 


Grade Eight 


10 



8. Special Education (Number determined by Division of Special Schools and Services) 

a. Newly identified pupils included in item 2 above 

b. Authorized pupils not included in item 2 above 

9. Total projected enrollment 

10. SPECIAL EDUCATION ENROLLMENT BREAKDOWN 

EMR 1-3 SMB Deaf HH Blind 

EMR 4-8 Part. See CP OH EH 

Total Special Education 

IK Total enrollment, exclusive of Special Education 

12. Total units of a.d.a* exclusive of Special Education — by grade levels 
Crude Enrollment Unite of n*d*n/ 

Kindergarten — X *97 

Grades 1-3 X .97 

Grades 4-d X .97 

Grades7-8 X .97 

Total X .97 uniu of a.d.a 

^ Tr«nifcr ivcragt daily aciandanc* to boccooi of Form SF.LAD 1001. 

Certified as correct Approved by State Department of Education 
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D«c« 







r. \ 



Field HcproiMCBtiyo 



DaC« 
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Calilornia State Department of Education 



EXHIBIT 6 — Projected Average Daily Attendance 



Forin SP-IS (Rev. 6/67) 
Education Coda 
Chapter 10, Division 14 



Grutics m.<intaincJ: 



School doiricl 

to- 



COMIP 



-inclusive 



l-NnOLL.Ml-NT FRO.M FORM ROO 



11 1 12 


Special Ed* 


1 

1 

1 





10 



Cnrolltiiriu 



Tout 



Enrollment earned by adult classes, evening classes, and non-resident pupils. 

Total enrollment, excluding units earned by adult classes, evening classes, 
and non-resident pupils - Grades to in applicant district . . . 



(a) Toi-xl enrollment of four highest grades in elementary district or districts 

included in applicant district 

(b) Total enrollment of four highest grades in applicant district. 

(c) Dilference of item (a) minus (b) 



Uesiclenl j>upils attending out-of-district 
HOUSE FACTORS 

Number of houses under construction ^ 



on 



Grade 7 - 
G rade S - 
Grade 9 - 



houses X . 11 = 
houses X . 10 = 
houses X . 10 = 



pupils 

pupils 

pupils 



Grade 10 - 
Grade 11 - 
Grade 12 - 



(date) 

_ houses X . 09 = 
_ houses X . 08 = 
houses X . 06 = 



ToUl 



G. 

7. 

s. 

9. 

10 . 



Sum oi items 2, 3, 4, and (3 
Adjustment for dropouts (_ 



to 



grades) 



(factor) 



Special education (number determined by Bureau of Special Education) 

(a) Newly identified pupils included in Item 2 above 

(b) Authorized pupils not included in Item 2 above 



Estimated enrollment (Item 6 minus Item 7 - plus Item 8b if applicable) 
Special education enrollment breakdown 



EMU 7-8 

S.VlR 

Bluid 



EMR 9 
Deaf 

Partial Seeing 



EMR 10-12 
Hard of Hearing 
CP OH 



11 . 

12. 



Total Special Education 
Total enrollment exclusive of Special Education 



Tolril units of ADA exclusive of Special Education - by grade levels 



Knrullmenl 7- S_ 
Eii roll meal 
Enrol I meat 10-12 _ 
Erirollmcnt 9-12 



X .97 = 
X .97 = 
X .97 = 
‘x .97 = 



units of ADA 
units of ADA 
units of ADA 
units of ADA 



13. 



Total .\D.A Item 12 plus Special education Item 10 . 
Transfer Item 13 to Form SP-LAD 1003. Column 4. 



Approved by State Department of Education 



Certified as correct 



I i«IJ KVffmAUtiM 



Sch**! U(6iri<l 



Slate Oepirtmeni of Education 
Bureau of School Planning 
Rev. 8/61 



EXHIBIT 7— 7-Year Projection of A.D.A. (for purchase of sites) 



Form SP-1 Site (Secondary) 
Slate Aid Chapter 10 
Education Code. Division 14 
Section 19S77 



Grades 

Served 



School Jistrict 



County 



Existir.fj district enrollment' (excluding adult and evening classes) 

Attach R-30 report. 

E:';roilp.ent in compwient elementary districts according to latest October 
or March R-30 data, or latest monthly report. Attach R-30 report. 



t :< i 


(M 


3 


~~T~ 


“5 — 


1 1 

; 1 


1 i 
) 









Projected enrollment 7 years hence t grades 2 
through $ become grades 9 through 12. Grade 1 



greater than grade 1, it become^ grade 
7. Special education remains the same 
as existing enrollment in special 
education. 



becomes grades 7 and 6 


. If 1 


kindergarten is 


7 S tJ 


9 


■ 10 


li 




IS^EdJ 'i'otail 












1 j 



1. Total enrollment estimated 7 years hence 

2. House count x * (for factor seo below). 






(House count embodies foundations or excavations for a house 
through construction stage to recently completed, but not 
having yet been occupied.) 

Subdividers' statements of intent to build: 

Niiiiiber of houses x (for factor see below) 



U. Plans filed for subdivision with zoning authorities: 

Number of houses x * (for factor see below) 

. Number estimated houses 
«• (for factor see below) 



X 



5. Nu;.'.ber of zoned residential lots_ 

to be built \<ithin 7 years ~ _ 

Supporting document required from Planning Commission. 

TOTAL ESTIMATED ENROLLMENT IN DISTRICT by (Enrollment) f 

Year 

Grades 

x-House count factors: 7-8 “ .21 ; 9 “ .10 ; 10-12 ■ .23 

Enrollment A.D.A.^Hf 



7-3 

9 

10-12 

Total 



X .97 



X .97 



X .97 



(A.D.A. Units) 

iWTransfcr these figures to top of Balance Sheet. 

Sub;;itwed by: Approved by Department of Education: 



Authorized Agent 



Date 



Field Representative 



Date 



I 

! 
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Chapter 5 



LONGRUN PROJECTION TECHNIQUES: INTEGRATED 
STATE AND LOCAL AREA SCHOOL ENROLLMENT 



The pre\nous chapters described some of the 
problems confronting school planners in the area 
of enrollments projection, analyzed trends in the 
fonu of administrative oig;anization of the school 
systems in the United States, and described cur- 
rently used short-range enrollment projection tech- 
ni(|ue.s. In this chapter the reader is introduced 
to the concept of long-range school enrollment 
projections used throughout the balance of this 
re|X)rt. The general structure of the integrated 
State-local area school enrollment projection tech- 
nique will be discussed, and the detailed mechanics 
of the approach will be shown in the following 
chapters. 

State and Local Area Projection Technique 
The Concept 

The general approach consists of first making 
projections of public school enrollment for the 
State, and then working from the State downward 
to the county and local school district. In this way 
the local unit is fitted into the framework of the 
larger geographic area, and full advanti^e taken 
of all available knowledge regarding possible future 
population movements. In this respect our ap- 
proach is somewhat analogous to that used by the 
U.S. Census Bureau in making population esti- 
mates for metropolitan areas. The Census Bureau 
commented as follows: 

In the jircsont rcjrort, however, since estimates have 
l)cen developed for all metropolitan areas and for the 
nonmetro])o1itnn remainders of the States, it was {mssible 
to take advantage of the availability of Independent State 
totals developed ns part of the Census Bureau’s regular 
estimates program. The independent State figures arc 
believed to have a much higher degree of accuracy than 
estimates of subareas of States. Adjustments to State 
totals should jirovide, therefore, an improvement in esti- 
mates for individual areas, on the average. Consequently, 
the estimates for metropolitan areas and nonnietropolitan 
parts of each State were summed and adjusted to State 



totals. (Quoted from: Population Estimates, Scries P-2.'», 
No. 371, August 14, 19G7, p. 11.) 

Underlying this concept is the knowledge that 
almo.st all children between the ages of perhaps 
5 and 17 are enrolled in elementary or secondary 
school. Hence, the first major job in making a 
school enrollment projection is that of making a 
population projection for children and teenagers; 
at this point, school enrollment projections arc 
barely different from popvdation projections. How- 
ever, the large majority, but not all, of the children 
are enrolled in public schools. This fact colls for 
additional techniques in order to project enroll- 
ment in public schools; on the other hand, the 
fact that so laige a proportion is in public school 
makes the projection job relatively easy, once the 
population projection has been made. 

Because of the foregoing, the integrated pro- 
jection is meant to be used for long-range projec- 
tions, beyond 5 to 10 years. In effect, it is to be 
used for a time period well beyond the limits of 
locally generated vital statistics data, grade-to- 
grade survival patterns, and dwelling-unit multi- 
pliers. Indeed there is no need to use this method 
for shortrun projections since previous empirical 
cvridcnce has shown that both the dwelling-unit 
pupil-yield approach and the grade-survival 
methods are fairly accurate for the shortrun time 
periods. 

Advantages of this Technique 

The advantages of the integrated State and 
local area school enrollment projection technique 
may be summarized as follows: First, a range of 
enrollment projections rather than single esti- 
mates for future enrollments can be generated. 
This is accomplished (1) through the introduction 
of nltemate series of population projections for 
the State, based on different assumptions of 
population growth; and (2) the introduction of 



alternate npe-speeifie enrollment e.siiiiintes and 
projections. The projective power can be reliiird 
l»y c.vperiinentatioii with altcmute statisticnl 
trend functions for the projection of the proportion 
of total State cnrollinent accounted for l»y the 
localities. Further, scaiic flexibilitv is afforded hv 
the ability to project for several possible levels of 
appregation for both sebool enrollment and 
pcoprapbic detail. 

Second, tbc tecliiiicpiccaii be updated frccpiciitly 
for revision of cnrolliucnts pn»jecti(ms. What is 
reeplired is the addition of data to the historical 
base of enrollment proportions, nndAir the avail- 
ability of revised population forecasts. Mcclmni* 
cally, the process involves the refittinp of trend 
functions to the local area-Statc enrolliiient 
proportions, the possible adjustment of j^e- 
specific enrollment ratio prowtb patterns, and the 
adjustincnt of the Census jigc-gradc matrix. 

For tbc local school district, a range of projected 
school enrollment cstiuiatcs will satisfy most. If 
not all, needs for plaiiniiip purposes. If the com- 
munity can have reasonable assurance that 
enrollment will increase not less than scaiie given 
amoiint, and not more than some other amount, 
it can draw its plans accordingly. For example, if 
the minimum increase is tbmigbt to he 15 per- 
cent, and such an increase woidd recpiirc the 
constniction of an additional 10 schoolrooms, 
then this is the minimnm school building program 
to undertake. When undertaking this minimum 
constniction, however, the community must 
understand that enrollment could increase by 
35 percent, which would mean building a 
total of 20 to 25 classrooms instead of 10. Any 
decision to build more than 10 classrooms, how- 
ever, can be held up until an updated projection 
has been made. 

Slate Popnlation Data and Projections 

A number of State and local agencies have 
developed or arc developing their own series of 
popnlation projections. In addition, the Census 
Bureau makes popnlation projections periodically 
for States as part of its continuing program of 
demographic projections for the Nation.’ The 
former set of projections varies in relative quality 
and accuracy. (See ap|iendix A.) More frequently 
than not, the production of alternate series of 
population projections based on different assump- 
tions of population change and growth is well 

• See for ctample. Carrtnt Popattti»n Report*, ropuMhm KHinate*. 
"Rerlsed rrojections of the Potmlatlon of States. 1970 to lasS," Series r-2S, 
No. 375. Oct. 3, 1967. 



beyond the cnpnciiie.s of .State and local agencies. 
This is not to say that State and local ngencies 
luivc not in some instances done n cnmmemlublc 
j(d) in tbc production of population forecasts, but 
rutlicr tbnl the Stale population forecasts prepared 
by tbc ('ciisiis Bureau provide n miiform and 
.siifTicicntly diiTcrentinted scries upon wliicli to 
base enrollment forecasting. Tims tbc tcrimiqnc 
displayed Iicrc bns the ndvnnttigc of being able 
to use both tbc C’cusiis- and State-produced 
scries of popnlation projections. In clfcct, a variety 
of popnlnlioii projections is presented to State 
sebool pinmiers from wbicb they can cboo.se that 
wbicli appears to be appropriate on tbc basis of 
conformity with State budgetary and fiscal 
practices and local conditions. 

Fnrtlicnnnrc, this tccimiqiic uses the State 
data on mimbers of cbildrcn enrolled in public 
scbools, by age of child and grade in wbicb enrolled, 
available at each decennial period, together with 
intcrcciisnl data derived from local school records 
and estimates of enrollment by age for total 
United States also provided by the Census Bureau. 
State scliooi planners can adjust these census data 
to meet their own clianging situation and local 
conditions. This will be shown when we discuss 
tbc use of local quotients — for example, the 
State agc-spDcific ciimilmcnt ratio divided by 
tbc national age-specific enrollment ratio — and 
other approaches for adjusting data to local 
conditions. 

Local Area Projections 

The basic historical information is the propor- 
tion of the State’s total which attends public 
school in a specific local area. This proportion is 
then projected and converted into estimated 
school enrollment by applying it to the projected 
State enrollment. This can be done for any com- 
bination of grades. 

The projections can be made witli various trend 
lines. If electronic processing is not available, 
trend lines of the first and second dt^frec can be 
fitted throngli least squares by persons with a 
minimum of training in statistical techniques and 
iismg desk calculators. Work sheets detailing the 
specific stejis in each phase of the projection can 
be developed fairly simply for this purpose. If 
volume production of projections is desired, or if 
the production of projections is considered as part 
of a more complex model of school planning, or if 
more complex trend lines are to be fitted, the 
work can be programed for a computer. 





34 



Like most forecasts of tins type, the extrapola- 
tion of trends is dependent on the historical base 
of information available. In this case, it is as- 
sumed that the share of total btate enrollineiit 
attributed to the locality will follow the jirowtli 
pattern end»edded in the trend function. The 
stability of these iniderlying relationships is a 
fniictioii of the size of the historical data base. 
The larger the iniinber of years for which historical 
iiiforination is at hand, the greater will be th'’. 
degree of reliability «»r confidence that «»iie can 
place in the projections. The estimates or projec- 
tions get substantially less reliable the farther into 
the fiilnre they extend. 

The Model 

Each part of the overall model has a great deal 
of bnilt-iii flexibility and affords the school plan- 
ner some choice in the range of popnlation projec- 
tion scries used, age-specific enrolhaent rates 
assnined, and the statistical tools used t«» project 
local area shares of State school enrollment. Even 
the form of enrollment oi^anization, whether total 
enrollment, clcnicntary-secondniy> 4-4-4 or indi- 
vidaal grade, can be used. The choice will depend 
ii|M)n the needs of the planner and the common 
sense gnidclincs of statistical significance and 
reliability of the estimates. Table 27 portrays the 
range of projection alternatives for each part of 
the State-local area school enrollment projection 
technique. l,et ns turn to each of the parts of 
the overall model and discuss some of its 
characteristics. 

The model consists of several parts. The first 
iwftion is a State enrollment projection submodel. 
It integrates alternative popidation forecasts of 
the State, made by the U.S. Bureau of the Census 
or a State agency, with projection of the Decen- 
nial Census age-grade matrices. To obtain the 
projected matrices, the decennial census matrices 
are modified in the light of Current Population 
Survey (C.P.S.) trends on school enrollment by 
age, and such other information as may be avail- 
able to the State. 

The second part of the model is concerned with 
the projection of the local area proportion of total 
State graded enrollment. As can be seen from 
examination of table 27, there is a wide variety 
of “tools” for accomplishing this task. The simplest 
involves the application of least-squares trend 
equations to the projection of the local area 
proportion of total State graded enrollment. Each 
of the means for projecting the local area share 



of State enrollment will be discussed in detail in 
the ensuing chapters and their predictive accuracy 
evaluated. 

The third and final part of the State-local area 
enrollment projection model by grn«le consists of 
nothing more than joining together the two halves 
in producing future enrollments estimates. Spe- 
cifically, this involves apportioning the projected 
State grade enrolhneiit estimates among the local 
areas in accordance with their projected share (or 
percentage) of the State total. This procedure is 
repeated for each available alternative population 
projection. Stntisti«;al adjustiiicnts are made t«) 
each local area graded enrollment projection series 
to be consistent with the independently derived 
State level graded enrollment projection. 

In suiiii.inry, the integratetl State-local area 
.school ciirolliiieiit projections model consists of 
the following several steps: 

1. The development of an adjusted age-grade 
matrix for .school enrollment for the State, based 
on U.S. Decennial Censu.s data. 

2. The projection of the Decennial age-grade 



Table 27.— Slnirturc, component methodology and projeaion 
po»»ibilUien of integrated Sfofedocal area tchool enrollment 
long-range projection technique 



PopnUthn pTfijecthn 9€rft» 

V.S. Bnmu of the Cen 50 q Sute 
popoUtkm pTojeclioTi series or 
SuiUhle Slate agency popaUlJon 
tiTOjection 5eries. 

Age-infemt twwfliag teehni^e 

Ltnear Intettjolatkm of 5- or 10- 
year age detail Into single years of 
age interrals. 

••Siwue” thfrd-<*egTee poly- 
nomial Interpolation * efheients tor 
smoothing S- or lo-yw are detafl 
Into single years of age interrals- 
(SeeappendltB.) 

y(gr-graJr enrdtment mntrir — U.S. 
4ecennM crutun 

Total State school cnToIlineiiU 
pohllc and prirate cmnbined. by 
SM, by single grades, by single years 
of age, and by color. 

Total sute school enroflfnenU 
pablie school ea/g , hy set, by single 
grades, by single years of age, and 
bycotor. 

Total sute school enronmenl, 
prirate schools only, Iry sea. by 
single grades, single years of age, 
andbyetdor. 

Pott dermniot ogr-grwde mroUwenf 
pnfffrnt 

V.S. Bnreaa of the Census— Car- 
tent Popohfhn Svrrrw fall school 
enrollme?.! trends by age and grade 
groups* 

sute paMlo school entollnrent 
sUtistka by age and grade. 



Adjnttnent o/ sra?e-a«flca«/ 
grade tnrottment paffaraa 
Unestimates. 

Use of age^de specific SUte- 
iiational tocatton quotients using 
llecennial Censos materials. 

Form 0 / ennOmtnt orponization 
AH grades (K-12). 
Elementary-secondary (K-fi, *- 
12 ). 

••4-4-4’’ (1-4, 5-A, ^12). 
tndlTidaal grade (1, 2, 3 to 12). 

ITpJectlon of txxail Area Shares 
of Total sute Enrollment 

/iCaaf tqnnret trend Unet fitted to 
kittortcoldate 

1. Simple linear. 

2. Currillnear. 

3. Log linear. 

4- Log tog. 

5. Ityperhaiic. 

6. Etponential. 

Qttodroffe erponenfM amwjrtmg/aac- 
ften# fitted to JMaforfrrf rfa/a 

1. llonhle etponential smoothing. 

2. Triple etponential smoothing. 

Lora/ area agpegv/toa 

State. ^ 

sute planning or statistical areas, 
sute enroHment areas. 

Counties. 

Districts. 





-. * 



353-5S1 0-70-4 
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matrix for tho State using suitable adjusted growth 
rates in specific agc*grade grouping enrollment 
cells derived from the U.S. Census C.P.S. statis- 
tical series on fall school enrollments, as well ns 
other locally available information. 

3. Application of projected age-grade matrix for 
the State to detailed age-projections of its popu- 
lation to derive estimated enrollment by grade 
group. These sei^’e ns controls for the local |)olitical 
unit projections, derived ns follow’s: 

4. The fitting of statistical trend functions to 
local political unit-Stnte enrollment ratios. 

5. The projection of local political unit-Stnte 
enrollment ratios through interpolation of sta- 
tistical trend functions derived in step 4. 

6. Application of projected local political unit- 
State enrollment ratios, derived in step 4, to 
obtain estimated detailed enrollments. 

7. Adjustment of detailed enrollment estimates 
derived in step 6 to overall State estimates 
obtfuned in step 3. 



The next two chapters deal ^rith the detailed 
description of the development of the integrated 
State-local projection model. 

Chapter G considers the development of State 
level graded enrollment projections. Material cov- 
ered includes development and modification of 
Decennial Census age-grade enrollment matrices 
and application to State projections of the school- 
age population. Examples and w’ork sheets are 
shown for each step in the computations. The 
States of California and Maryland 3 cr\’c as test 
cases for this phase of the approach and remaining 
technical chapters. 

Chapter 7 show’s the development and projec- 
tion of local area proimrtions of total State 
enrollment. A variety of statistical trend tech- 
niques are discussed and applied to data on enroll- 
ment by State Statistical Area for California and 
county for Maryland. These projected shares are 
then applied to the projected State enrollment to 
lurive at projected local area enrollment. 
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Chapter 6 



DEVELOPMENT OF 

STATEWIDE ENROLLMENT PROJECTIONS 



o 

ERIC 



This chapter covers the first portion of the 
intc^nted State-local area enrollment projection 
outlined in chapter 5. In piirticular, the following 
procedures in making the statewide enn«iiiiiciit 
forecasts are discussed. 

1. Development of State-level age-grade specific 
enrolhnent ratios for use in making statewide 
projections. 

2. Modification and projection of statewide 
age-grade specific enrolhnent ratios for use in 
conjunction with population projections for the 
State. 

3. Application of statewide projected age-grade 
enrollment ratios to stattnvide population pro- 
jections by age to derive final estimates of future 
school enrollment. 

The relative accuracy of this approach will be 
evaluated, using some comparison with actual 
enrollment data. Further, possible modifications 
of the approach in the light of trends in public 
and private school enrollment will be discussed. 
For the interest of the user, work tables depicting 
step-by-step computations will be displayed. 

Projections by se.x‘ and color are possible 
insofar as the basic decennial census data contains 
this information. However, as will be pointed out 
in chapter 7, historical data on public school 
enrollment must also be available by sex and 
color in order to make such enrollment projections. 

In addition, projected |)opulation data by age and 
color are needed. The Census Bureau, however, 
pro\ides projected age by color estimates only for 
States which had 250,000 or more nonwhite 
imputation in 1960. Acco^ingly, before attempting 
any enrollment projections by color, the State 
technician should ascertain from the Census 
Bureau whether he can obtain the data needed 
for his target date. 

I A3 a fnctlcal ii ie awH e ihm is frobahly little Talne in mskbi? ftnjecllons 
for boys atid stria separately, so that the set dichotomy can be Ignofed. 

59 . 



Population and school enrollment data for this 
and the succeeding chapters covering the pro- 
cedures in the intcgratcil State-local level school 
ciimllmeiil projection approach are for the States 
of Maryland and California. School enrollment 
forecasts cover the period from 1965 to 1985. 
The results are shown at 5-year intervals. The 
form of school enrolhueut used in the illustration 
is the 4-4-4 arrangement — grades 1-4, 5-8, and 
9-12. 

Statewide Age-Grade Specific Enrollment 
Ratios 

Age-grado specific enrollment matrices will be 
developed for the 1960 public school population 
of Maryland. This table, when adjusted for trends 
in certain age^ade cells in the matrices, will be 
used with Census Bureau population projections, 
subdivided into single years of age, to make 
school enrollment projections. The modification 
of the final age-grade enrollment tables and their 
application to the Census population projections 
by single years of age will be the subject of the 
next section. 

Basic data for the development of the age-grade 
enrollment matrix are obtained from the most 
recent U.S. Census volume on detailed charac- 
teristics of the population in each State; for 
example. Series PC(1)-D in 1960. The specific 
tables used in constructing the I960 matrix are: 
(1) "Year of School in which Enrolled for Persons 
5- to 34-years-oId by Single Years of Age, Color, 
Sex, and Tyj>e of School (Public and Private), for 
the State: Urban and Bural: I960;” (2) "Single 
Yeats of Age, by Color, Nativity, and Sex, for the 
Slate: 1960.” 

Age-grade data on school enrollments for 1960 
are shown for each sex separately and for all 
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TAlUiK 2S . — Agf fcy fc.v ffrnrfr, public school rnrollmcnl, Ulotc oj Atarylanrl, tOfiO 



A(t« 

sTii Tto U 10 to 13 14. lA IsTk 1^19 ». 2« ?-M»24 Total 



Ma1e>. total 22..107 W.M4 Ini.V.I .t«».73r; 32,511 T.3U 1.133 I.OH 2Sl.9r2 

I to 4 22.30T T.5.IS5 I4.2.W 3S2 434 III 45 f.T 112. TW) 

5 tod 0 I.I49 M..WI li.3IT l.4» 4.W 201 2n5 IOI.2v5 

9 to 12 0 0 2.T.M 28. mr .Kt.84» 8.7T2 Ml WS 8T.MI7 

Femal«.toUI 22.or« T4.(W) OT.TTs .IT.4M .m.a;s X3(n rsi T50 2 «».Tnl 

I to 4 22,nns n.521 ia23« 281 .311 ITT 3a 22 I08..5T4 

.5 to a 0 1.159 S4.900 Ma5 wa 210 M 149 W.T9T 

9 to 12 0 0 2,642 2a,VlT 29.T0I 4.949 652 S7i r.T.XI0 

Doth Sexes total 44.315 I.5I.OI4 206 339 T6.2t» 6I..3M I2.6T9 1.904 l.«T .5.5I.6T3 

I to 4 41.315 I4X.T06 24.495 6U T4S 2W *3 tfl 2I9..364 

Sto9 0 2.388 1T0.4S1 20.T22 2.292 CTO 2SS 354 19T.OS2 

ytol2 0 0 .5,393 .54,844 011349 II.T2I 1..536 I.3M 13.5.22T 

TUal pOpsMhn 135,316 191.344 249.252 95.3W 96.TS6 82.345 T.5.22E ll3.a5T 1.041.608 

Males 69.TSI 96,495 ;2T.S2S 49.429 45.934 46T20 3T.TW) ST.2JT .526.8.54 

Females 69.565 94,846 12I.T2T 46.880 4T.522 41.625 3T.406 5.1,820 S14.T54 



.schools, public, nud private schools. The ngc de- 
tail for 1960 ranges from age 5 to 34. \Vc nre con- 
cerned only with the impnlntion nges 5-24 for 
the purposes of making the final matrix. 

The first step is to draw up work tables for 
making the bn.sic cnlculntions. Table 28 illustrates 
the procedures with data for Mniyland, 1960; the 
distribution of males and females, ages 5-24 by 
grade, the total number enrolliid by grade in each 
group, and the total population in each ngc group 
nre copied from the appropriate Census table. 

Step two Is the calculation of ngc-gmdc coeffi- 
cients. This is accomplished by dividing the total 
number in each nge-gmde cell in table 28 by the 
total number nt each nge level. Obser5*e the Mary- 
land example (in table 28); the total po|iidntion 
aged 5-6 years is 138,316; the total number of pub- 
lic school pupils nge 5-6 years is 44,315. Dividing 
44,315 by 138,316 gives a coefficient of 0.3204 
which means that 32.04 percent of the pupils 
aged 5-6 years in 1960 were enrolled in grades 1-4 



TaBix ?9,^Age^ie nttrit, proporfiofi$ enroOed in piMic fdkoei, btdk 
State of Xiarflandf IPGO 



f«raf1es 








A|fe 








5,8 


rto9 


lOt0 13 


14. 15 


16,17 


18, 19 


20.21 


22to24 


Total 


















enroOed 


a82H 


aT893 


0.M37 


0.8000 


0.6561 


a 1539 


0.0253 


0.0161 


1 to4 


. .3204 




•09S3 


.0067 


.0077 


.0035 


.0011 


.0009 


5 to 8 


0 


.0121 


.6S3S 


,2179 


.0247 


.0091 


.0039 


.0031 


9 to 12 


0 


0 


.0216 


.5754 


.6237 


.1423 


.0204 


.0122 



in public school in Maryland. Thus you diviile 
ciicli ciitiy in the cohiiiin by the total at the bot- 
tom of cncli cnluiim. Xote that the coefficients 
arc calculated to four places, 0.3204. Enter the 
age-grade coefficients in the appropriate cells in 
table 29. 

In step three, nihl the coefficients in each cell in 
the columns, cxchrsive of the line marked "total 
cnrolleil,” to check on your calculations. 

Modification and Projection of Statetvide 
Agc-Gradc Matrix 

Because not all persons of elementary and 
secondary .school age are at present (1969) 
attending public school, and because wc always 
anticipate change, the age-grade matrix as of the 
last decennial census, may be deemed inappropri- 
ate for projection piiri>o.ses. Actually, in some 
States the 1960 niatri.x may continue well into 
the future substantially unchanged. On the other 
hand, in some States it may be known that sub- 
stantial changes had occurred within a few years 
after the lost decennial census, and further changes 
nre expected. Tlierefore, the first task for State 
education officials is to decide whether or not the 
age-grade matrix as given in the last census can 
be used ns is, or must be modified for projection 
purposes. 

If it is thought that modifications nre needed, 
then several procedures are available for doing so. 
The first is to make changes within the State in 
accordance with nationwide changes. A second is 
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to iidopt the iniitrix (from the hist Doccnniiil 
Census) h»r sonic other Slnle which cun he nseil as 
a model. A third alttrnative is for the State to 
tnhninte its own records, iipc by prmle. ami use 
this infonnation for chnnpni: the last Decennial 
Census nnitrix. Finally, State olliciuls inuy siinply 
assnine some model apc-pnule matrix which they 
expect to achieve hv the time of the target liate. 

Note that at this point, jmlginent of State and 
local conditions hecones important in estimating 
a future age-grade ma'rix for piihlic schools. For 
example, in 1960 in Maryhnul, among o- and 6- 
year-olds, 0.3204 were inmlled in public schools; 
in California the figure was 0.3401 and for total 
United States, 0.3076. There is no gnanmteed 
statistical procedure f(»r estimating what this 
ratio, 0.3204, will he in Maryland in 19.S0. Will 
it continue to be above the national average? Will 
it equal California’s ratio of 0.3461? Or will it he 
some other value? Judgment nhoat local conditions 
is the best guide. 

In the following materials we are focusing onr 
attention on the use of nationwide changes to 
indicate changes within the State. The last three 
alternatives recpiire no additional technical ex- 
planations; the mechanics for canying them out 
arc similar to those for the first alternative. 

Two sets of procedures for projecting the age- 
grade matrix using nationwide changes arc shown. 
The first set is reconimcnded. The second set is 
included to show a possible alternative way of 
projecting the matrix; due to lack of sufficient 
information, however, it is probable that few 
States will be able to apply this second set of 
procedures. Nevertheless, some States may be 
able to use this second set, or some adaptation of 
it, dc|)ending on the data which may be locally 
available. 

First Set of Procedares 

In the following illustration for Maryland, we 
have made the basic assumption that the 1980 
goal for the State will be the national average as 
of 1960; the only exception is the 5- and 6-year 
age group which, in 1960, was alreadi* above the 
national average. For California, which was 
already above the national average in 1960, we 
assumed no further changes. In reality, these 
assumptions need not hold for cither of these two 
States or any other State; State officials must 
decide for themselves what the appropriate goals 
may be. Whatever goals arc used, however, the 
mechanics to be followed in extrapolating the last 



Decennial Census matrix arc exactly the same jus 
illustrated in the follow ing pages. In case of doubt 
as to which standard is the most appmpriute, two 
or more alternative ones may he used and a range 
of estimated cha.iges calculated. 

Tw<» steps arc involved in this pnicednrc. First, 
Statc-nati«mal location quotients, as of the time of 
the most recent census, mn.st be calculated for 
each t«»tal-agc enrollment group. This is necessary 
to ascertain the degree of adjustment to he made 
in the pn»jc«’tion of specific age-grade enrollment 
ratios. .Second, the basic matrix may he pnijcctcd 
using the State-national total-ngc enrollment 
group hication quotient ccanputetl in the first step. 

The first step in the a<ljnstmcnt of the ngc- 
gradc matrix, the development of the .State- 
national age cnr<*Ihncnt Iocati(»n quotient, is fairly 
.simple. Table .30 displays the ncccssaiy^ compnta- 
tums for Marylainl ami California. Column a 
shows for total Unitml .States, the proportion 
cnmlled in each age group. Column h contains the 
same proportions computed for 1960 public school 
enrollment for Maryland as given in table 29. By 
flivhling each of the entries in column a by the 
respective entries in cohunn b, wc obtain the 
ratios shown in column c. These ratios arc the 
.State-national enrollment-location quotients mcn- 
tioued previously. They rcllcct the djgrec to which 
the .State public school ngc-cnrollincnt patterns 
arccithcr greater or smaller than the 1960 national 
piddic school age-enrolhnent levels. 

If the pro|>ortion in a given age group in a .State 
has a ratio below 1.0 as shown in column c, of 
tabic 30, then the State has a larger proportion 
enrolled than ilocs the Nation. Just the op|>osite is 
true for those ages with age-enrollment ratios 
greater than one, or unity. In these ages, the pro- 
jxirtions enrolletl are below prevailing national 
nge-cnrollmcnt levels. 

The reader is warned that these age-enrollment 
adjustment factors should not be applied me- 
chanicolly. State education planners sbould be 
kuowledgablc about local conditions and graded 
enrollment trends. Thus, the adjustment factors 
should be further manipulated by State planners 
to reflect sudden changes in, for example, the dis- 
tribution of the total school enrollment population 
between public and private systems; sucb a factor 
cannot be treated mechanically. Thus, good com- 
mon sense and judgment must be employed in the 
use and application of the St-ate-national age- 
cnrollmcnt adjustment factors. 

For the projections of the ^laiyland and Cali- 
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Tablk 30 . — Computniionn for projrriing 1060 age^grade 
matrix of puhlir school rnrollment^ Staten of Maryland 
and California 



State end a«re 


Aftc enrollment 
ntk» 


co\,n+ 
ool. b 


Alce rnmllmftit ratios |>ro* 
JectH lest) 


U.S. 


Mary. 

land 


1965 


1970 


I9TS 


1990 




(a) 


(b) 


(c) 


(d) 


if) 


(0 


(It) 


Maryland 
















5 and 6>Tan... 


a3976 


a320* 


aoono 


1.0300 


1.0401 


1.0601 


i.osna 


7 to 9 yem 


.9317 


.7993 


1.0537 


1.0134 


1.0309 


1.0403 


i.nUT 


10 to 13 years... 


.9411 


-W37 


1.0465 


1.0116 


1.0232 


1.0349 


1.046S 


14 and 15 years. 


.9445 


.9000 


1.0556 


1.0139 


1.0278 


1.0417 


1.0&S6 


16 and 17 years. 


.7299 


.6561 


1.0996 


1.0246 


1.0493 


1.0739 


i.om 


1ft and 19 years. 


.1937 


.1539 


1.2506 


1.0646 


1.12:0 


1.1939 


1.2SS6 


30 and 21 ymn. 


.C3*3 


.0253 


1 3557 


1.0989 


1.1779 


1.3666 




22 to 24 years.. 


.0210 


.0161 


1.30U 


1.0761 


1.1521 


1.2281 


1.3M3 




D.8. 


Caatfor- 
















nia 













California 








5 and 6 years.... 


.»ns 


.3461 


.8686 


7 to 9 years 


.MI7 


.9732 


.<1625 


into 13 years... 


.MU 


.8795 


.0574 


14 and 15 years. 


.8445 


.8794 


.WW3 


16 and 17 years. 




• 7505 


.0604 


19 and 19 years. 


.1937 


• 1576 


1.2S1 1.0S73 I.U48 1.1718 I.229I 


30 and 21 years. 


.C043 


• 0375 


.9147 


22 to 24 years... 


.0210 


.0256 


.8aa 



fornia nge-grnde matrices, the following procedure 
was adopted. In the instance where the State* 
national location quotients (column c of table 30) 
exceeded unity or one, the extent to which unity 
was exceeded was linearly interpolated over the 
projection period — from 1960 to 1980. For ex- 
ample, the State-national enrollment ratio for 
ages 20 to 21 for Maryland in table 30 (column c) 
is 1.3557. Using the interpolation assumption, 25 
percent of the 0.3557 differential would be allo- 
cated to 1965, 50 percent to 1970, 75 percent to 
1975, and so forth. The adjustment or projection 
factors for the affected age groups derived in this 
manner for Maryland and California are shown in 
columns d through g of table 30. 

The projection factors (displayed in columns 
d to g, inclusive) were applied to the original 
1960 age-grade matrices shown in table 29. The 
final projected enrollment ratios arc then ob- 
tained, and arc shown in tables 31 and 32. This 
procedure adjusts the original Census State age- 
grade matrix for Maryland up to the 1960 national 
public school enrollment norm over the pro- 
spective period of projection. 

In those instuices where the State-national 
enrollment ratios fell below unity, the original 
1960 age-grade matrix was left unadjusted. This 



was the case \rith most of the California age 
groups — ihe one e.\ceptioii being ages 18 to 19. 
In the case of Maryland, the youngest age-group, 
ages 5 to 6, was projected forward using the 1960 
California age-enrolhueul ratio in place of the 
uatioual norm. 

It was assumed then that the 1960 California 
age-enrolhiieiit patterns, with the exception of 
the IS to 19 age group were near the upper 
limits of pos.sible school attachrueut patterns, 
given the existence of an alternative — private 
and parochial- schools. 

Second Set of Procedures 

A |K)ssible alternative procedure for the enroll- 
ment ratios of the age-grade matrix is the deriva- 
tion of growth rates for the total United States 
to be applied to the age-grade enrollment ratios 
of n particular State. The example shows how we 
de\*elop national age-grade curollment^gowth 
rates for grades 9 to 12, for age groups 14 to 15, and 
16 to 17. Data are drawn from the fall .school 
enrollment series of the Census Bureau’s Current 
Population Survey, P-20 Series. 



Table 31 . — Slate of Maryland projected age*yrade mclrices^ 

1966-80 



Years and 


5.6 


7 to 9 10tol3 


14.15 


16^17 


19.19 


39.21 


22to 24 


rrades 


years 


years years 


years 


years 


years 


years 


years 



1M5 

iio4 a»2T2 aT88o aowi aooM aoo» (um# aoDi2 o.<wro 

510ft .6917 .7X0 .0253 .OOftft .0041 .0033 

9 to 12 0219 .5934 . 6390 .1515 .0222 .0131 

ToUl. .3272 .0003 .ft130 .ftlll .6722 .1638 .0275 .0173 

1970 

1to4 .3340 .7993 .1006 .0099 .0091 .0010 .0013 .0009 

5 loft 0124 .6996 .2240 .0259 .0091 .00*5 .0035 

91012. 0221 .5913 .6544 .1607 .0240 .0141 

ToUl. .3340 .8107 .8223 .8222 .6884 .1738 .0299 .0185 

1975 

1 to4 3409 .8096 .1017 .0079 .0083 .0042 .0014 .0010 

5 to ft 0126 . 707B .2270 .0265 .0097 .0049 .0038 

9 to 12 0224 .5994 .6658 .1699 .0259 .0150 

Total. .3409 .8212 .8317 .8334 .7046 .1937 .0320 .0199 

I960 

lto4 3476 .9190 .1029 .0071 .0095 .0044 .0115 .0010 

Sloft. 0127 .7156 .2300 .0271 .0102 .0052 -OOP 

9lol2 0236 .6074 .6952 -1791 .0278 -CI51 

Tout. .3476 .8317 .8411 .8445 .7209 .1937 .0343 .0309 



Table 32 . — State of California projected proportion 
enrolled in public schooU^ ages 18 and 19 



Grades 1900 1965 1970 1975 1990 



lto4 a0035 a0040 a0042 0.0044 0.0046 

Stoft 00*6 .0079 .0083 .0087 .0092 

9tol2 1495 .1547 .1632 .1716 -1799 

ToUl 1576 .1806 .1757 .1847 .1937 
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Columns a and b in table 33 present the pi.-- 
portion of the United .States population aped 
14-15 and 16-17, enrolled in grades 9-12, over 
the period from I960 to 1966. Inspection of the 
data for the 14- and 15-year-olds shows them to 
be linear; accordingly, we fit a least square trend 
line of the form: y=n-fbx (see appendix C). An 
annual growth rate is computed from the trend 
line by dividing the "b" value by the “a” value. 
For this age group the average auiiiial gr vth 
rate is: 0.0050-^-0.8338=0.006 or 0.6 percent. 

For the 16- and 17-year-olds the enrolhiient 
ratios do not appear to be linear. Between 1960 
and 1962 there is very little change; between 1962 
and 1963 there Is a large increase in the population 
enrolled in grades 9-12. Then, belvccn 1963 and 
1966, there is very little increase again. A straight 
line fitted to the years 1963-66 gives an average 
annual increase of 0.3 iierceiit. 

These growth rates can now be used as follows: 
liCt us begin with our age-grade ratios for 1960. 
At that time in Maryland in grades 9-12, 0.5754 
of all 14- etid 15-year-olds were enrolled, and 
06237 of all 16- and 17-ycar-olds were enrolled. 
We shall project to 1980, or 20 years ahead. 
Accordingly, we can compute the total growth by 
means of tables showing annual interrat com- 
pounded; such tables are generally available m 

banks. , 

For the 14- and 15-year-olds, among whom the 

growth rate was 0.6 percent, the entry for 20 
years is 1.127, and for 16- and 17-ycar-olds, who 
had a growth rate of 0.3 percent, the entry for 
20 years is 1.06173. ; 

Multiplying 0.5754 by 1.127 gives us an rati- 
mated age-grade ratio of 0.6485 in 1980. The 
first set of procedures described gave a 1980 
estimate of 0.6074 ^tablc 31). 

T\Btr, 33 .—Projeclion of age-grade public school enrMmenl 
raliot, ages H-15 and 16-17, for grades 9-12, Vniled 
Stales 

Pnjp^ton of tee ftaap 
eimriled in grades 9 to 12 



Ye» 


14 to 15 


16to1? 




yests 


yetfs 




(») 


(b) 




asm 


a772S 

.7835 

.7874 

.8316 










• S354 
.8267 
.8403 







Age 14-15: y-oa838+O.Ot>!jb.Y f^gjn 

Age 15-I7: y-oa3I2+O.OOE»2A (wigin I964M, for ye«s 1965-66). 



For ages 16 and 17, we multiply 0.6237 by 
1.06173 and obtain an estimate of 0.6622 for 
1980. The first set of procedures give nn estimate 

of 0.6852. , • 

At present (1969), there is insufricicnt cxjjcncncc 

mid imtional data to permit rccoiniucnding the 
second set of procedures. Pcrliaps in another 5 
years or so, when wc have at Iciist 10 years o 
data on age-grade enrollment ratios, this second 
set luav prove to be useful. The main reason for 

nrestntW H » ‘<> I.’™'®'""® 

could be n|.plied. Some Stales may «iali to nee 
United States experiences ns guides to adjust 
their State data; others may simply wish to com- 
pare changes in their own States with national 



ihnnges. 

Fiirthcrmore, some States may nave their 
lata on age-grade enrollment ratios which conld 
ie extrapolated in the same way ns ''*e jlescnbcd 
[or the 14- and 15-year-olds. Indeed, if a State 
labulntes its public school enrollment by age and 
grade for years after the Decennial Census, it 
can construct its own matrix by using the popu- 
lation data pro\nded by the Census Bureau, shoe- 
ing the age composition of States subsequent to 
the last Decennial Census. An example of such 
iropulntion data is given in Fopulalxon Estm(Uei>, 
"Estimates of the Population of :>tates, by Age, 
1960 to 1966,” Series P-25, No. 384, Fcbninry 
13 1968. Before undertaking the construction ol 
such n matrix, it would be advisable to discuss 
it with Census Bureau personnel. 

Private School Information 

For projecting the State’s age-pide matw, 
it will be helpful to have information about the 
private school enrollment, particularly that in 
Catholic schools, since this is the sing c largest 
component of the private school population. A 
SUte which historically has had a large pnvate 
school enrollment may very well have 
matrix for public schools which is ivell below the 
national average, and may never reach the "" 
level. State education personnel will be familiar 
wnth the size and type of the pnvate ^hool 
enrollment within their States, and should be 



jecting the age-gtade matrix. 

At the time of the Decennial Census, age-grade 
matrices for the private school population are 
available in the same Census t«ble as that for the 
public schools. This decennial information c&n 
be combined with locally available information 
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to estimate chnnpres in the npre-p'ndc matrix 
for the private school population for other than 
Census years. 

Use of Projected Agc-Gradc Ratios 

In order to make otir fliinl projections of school 
ciirollinent, we apply the projected iige-gradc 
ratios to tho projected population. Tlio hitter 
figures arc obtained from the Census Uiircnu in 
the form of 5-yenr age groups. These are then split 
into single years of age using the Spniguc niiilti- 
plycrs technique os described in appendix B. 

Testing 1965 Projections 

This section deals with nn cvi'tuation of results 
of the application of prciuously obtained pro- 
jected age-grade ratios to tbe 1965 population 
projections to derive 1965 statewide enrollment 
estimates. The results presented in this section 
cover projections lucde using nn adjusted age- 
grade matrix for public school for California and 
Maryland over the period 1960 to 1965. For Cali- 
fornia, the population estimate for July 1, 1965, 
prepared by the State Population Research Unit, 
Department of Finance, was used for the projec- 
tions of school enrollment. In tiie cose of Mary- 
land, Census Bureau population estimates were 
used to derive the 1965 estimates of school enroll- 
ment. Since the B-1 Series, a high estimate, and 
D-1, a low estimate, were virtually identical, only 
one population series is siionur in table 34. Actual 
public school enrollments for both States were ob- 
tained from atitiual reports of fall school enroll- 
ment reported to the State education depart- 
ments by the local public school systems. The steps 
in making the 1965 projections arc shown in table 
34. 

Table 34. — Slept in projecting 196-5 public school enroll-- 
mcnf, Slale of Afargland 





Afte (pads matrix 

1 


Projected 1965enrr>11mert 




population 1 to 4 


5 to 8 


9 to 12 


1 to 4 
axh 


5to8 

Ate 


9 to 12 
axd 




(a) (b) 


(c) 


(d) 


(e) 


(t) 


(fO 


Total 


. 1.314,878 






262,134 


233.588 


189,471 


5. 6 years 


163,020 a3272 






53,340 






7-9 years 


225,876 .7880a0123 




177.990 


2,778 




10-13 years 


. 283,317 .0934 


.6317 


ao219 


28,162 


195,97c 


6.205 


14, 15 years 


133,968 .0068 


.2309 


.5834 


911 


29.594 


78.157 


16, 17 years 


128,996 .n79 


.0253 


.6390 


1.019 


3,264 


82,428 


18, 19 years 


120,641 .0037 


.0086 


.1515 


446 


1,038 


18,277 


20, 21 years 


110,975 .0012 


.0041 


.0222 


133 


4.55 


2,464 


22-24 years 


14S.0M .000!) 


.0033 


.0131 


133 


489 


1,940 



• The B-1 and D-1 fstimates were vlrtaally identical, hence only one is 
giyen here. 



How do the 1965 projected enrollments com- 
pare with the actual reported enrollment? Tbe 
projected nuniber was 12,000 short, aliuo.st all in 
secondary schools (table 35). The iivcnige error 
was less than 2 percent; only in grades 9 to 12 was 
tbe error ii little over 5 percent. 

The error for the secondary .school level may 
come from one or two sources. The population 
may be slightly off, but we think this is minor. 
More likely, ii huger pmportioii of the teenagers 
ronlimied in high school. \Vc tuvsinucd only that 
Maryland retention rates would npproacb that 
of tbe Nation (table 30); perhaps Maryland State 
officials who arc tboroiigfify fiuiiiliiir with the 
State situation would have chosen another stand- 
ard that would have taken into account the in- 
crensetl holding power of grades 9 to 12. 

We made .similar 1965 projectioms for California 
ii.sing the age distribution calculated by the State. 
When applied to the projected age-grade matrix, 
tbe projected enrollment turned out to have nil 
error of less than oiie-bnlf of 1 percent. Grades 
1 to 4 were overcstimatetl by well under 2 percent 
(table 35). 

Table — Comparison of neliial rt. projeeted public 

school rnroUmrnt. Stairs of Maryland and California, 
1965, grades 



Enrollment 

uradrs Perwnt 

Actual Projected error 



Maryland: 

M 2B1.017 25ilM 0.43 

.VS 235,981 233,588 -!-01 

V12 183,471 -5.45 

Total 837.388 CS5.193 -1.75 



Projected Percent error 



California: 

1-4 l,3S7,eW 1,412,570 1.400,030 1.79 1.37 

.V8 1.258,414 1,235.583 1.232.837 -1.81 -i03 

V12 l.iIO.513 1,099,03.5 1,100.053 -0.97 -0.94 

Total 3,756,626 3,747.848 3,733,646 -0.23 -0.45 



Notes.- P oimlatlon projections used to compute fatare estimates of 
pnrPllment for Maryland were obtained from the U.S. Harcau of the Census, 
and divided Into single years-of-age estimates usim; the procedures etplalned 
in appendix B. 

Population projections iiswl to compute future estim.ites of enrollment 
for California were ohtalnefl from the T>epaftment of Finance, Financial 
and Population Research Section, State of California puhllcatlon, Callfamia 
Pnjmlafinn to the Year 1040. Population projection d*»a for the year 1965 was 
derived from unpublished estimates supplied by t?wi Financial and Popula* 
tion Research Section. The two series are: (a) State of California Series I 
and Ii comtilnwt and (b) State of California Series eiulvalent to the U.S. 
Bureau of the Census Population Projection Series D-1. 



Longnin Projections 

The steps shown in table 34 can be repeated for 
each future 5-year period, 1970, 1975 and 1980. 
For each time period the appropriate populations 
and age-grade matrix is inserted, and the calcula- 
tions made os in table 34. The restdts of such 
calculations are given in table 36 for 1980, for 
Maryland and California. 

It is possible to construct several projections, 
giving a range of estimates restdting from use of 
two different population projecrions, and two or 
more age-grade matrices to encompass various 
possibilities. Thus, one could have projected 
enrollments: (a) high poptdation and high propor- 
tions enrolled; (5) high population and low propor- 
tions enrolled; (c) low population and high 



proportions enrolled, and (<l) low population and 
low proportions enrolled. 

Projection “a" would provide the maxinmm 
enrollment and projection “d", the niiniinum. 

Taiii.k 36 . — l!fS0 projtrltons of »tatcwidr public tchool 
cnrollmenlit, by grade group*, Stoics of Maryland and 
California 

(Sumbcn in tbonsanib] 



Grartcs 


Mvytand 


California 


llirh 

population 

estimate 

H-1 


Low 

popuLitkm 

estimate 

D-1 


UlRh 

population 

estimate 

I 


Low 

population 

estimate 

11 


1-1 


.... 34?» 


aw.6 


1853.3 


ISI16 


SS 


.... 2Bf7.3 


2SZ9 


1649.0 


I8IS.0 


9-12 


352.9 


2SS.3 


1603.4 


U78.3 


Total 


896.1 


777.7 


5105.7 


8008.8 



Chapter 7 
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MAKING LOCAL AREA SCHOOL ENROLLMENT 

PROJECTIONS 



In tho preceding chapter we showed how to 
moke long-range projections of public school en- 
rollment for the State. Now we shall show* how 
these statewide estimates can he subdivided into 
local units. For purposes of demonstrating these 
procedures we are using counties and State plan- 
ning regions. Any State which has the necessary 
data for local school districts can use them in e.\- 
actly the same way as we show' for counties. 

The general idea consists of calculating the his- 
torical proportions, or shares, of the State’s public 
school enrollment which is found in each of the 
local units. These shares are then projected to the 
target date, and converted into absolute numbers 
on the basis of the State’s total enrollment. In this 
chapter we shall show some of the statistical 
approaches w’bich can be used for projecting the 
local area shares. We shall continue using the 
three grade groups, 1 to 4, 6 to 8, and 9 to 12. 

Introduction 

Statistical Area Concepts Used 

The local area concept used for illustrative pro- 
jections in the case of Maiyland is the county. In 
California, it was the State statistical area, com- 
prising combinations of California’s 58 coimties. 
The justification for the selection of these statis- 
tical areas w'os several-fold: first, suitable historial 
series of fall school enrollment were available; 
second, proportions of total State enrollment were 
relatively stable and did not fluctuate ^videly from 
year to year at these levels of aggregation; third, 
the future estimates of absolute enrollment de- 
rived from projections of these statistical areas 
could be used as "benchmarks” or "control totals” 
for further prorating to contiguous school dis- 
tricts or educational planning regions; fourth, these 
statistical and political area concepts were con- 
sidered by State education system planners as 
relevant for planning purposes. Exhibits 8 and 9 



show these local political units and statistical areas 
for both Maryland and California. 

California State Statistical Areas 



Area Nnmc Counties included 



1 No ^ in Coast. 



2 .Sacramento Valley 



3 Mountain 



4 San Francisco Bay 



Del Norte 
Humboldt 
Lake 

Mendocino 

Butte 

Colusa 

Glenn 

Sacramento 

Sutter 

Tehama 

Yolo 

Yuba 

Alpine 

Amador 

Calaveras 

El Dorado 

Inyo 

Lassen 

Mariposa 

Modoc 

Mono 

Nevada 

Placer 

Plumas 

Shasta 

Sierra 

Siskiyou 

Trinity 

Tuolumne 

Alameda 
Contra Costa 
Marin 
Napa 

San Francisco 
San Mateo 
Santa Clara 
Solano 
Sonoma 



ERIC ^ 
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California State Statistical Areas— Continued 



Area Name Counties included 



6 Central Coast Monlcrey 

Sun Benito 
San Luis Obispo 
Santa Cruz 

6 San Joaquin Valley Fresno 



Kern 

Kings 

Madera 

Merced 

San Joaquin 

StanislauN 

Tulare 



7 Santa Barbara-Ventura Santa Barbara 

Ventura 

8 Los Angeles Ivletropolitan Los Angeles 

Area. Orange 

9 San Diego Metropolitan San Diego 

Area. 

10 Southeast Imperial 

Riverside 
San Bernardino 



Historical Enrollment Series 

Basic data for the development of projections 
of local area shares of total State-graded enroll- 
ment are shown in appendix E, tables E-1 to 
E-6. These consist of historical series of total 
State enrollment — using the “4-4-4” grade or- 
ganization and the proportional distribution by 
counties for Maryland, and State Statistical 
Areas for California. 

The date on enrollments from which the pro- 
portional distributions were computed is based on 
annual reports of fall public school enrollment 
compiled by the State Departments of Education. 
These enrollments are generally those recorded 
on or about October 31 of each year. From the 
methodological viewix>int, the date of the enroll- 
ment statistics is immaterial; the only require- 
ment is that the same date be used each year. 
The middle or end of October, the beginning of 
the school year, is generally used. 

Historical data, if they are to be analyzed, must 
be comparable over time. The two adjustments 
made on the Maryland data illustrate how we 
attempt to achieve comparability and make the 
resulting data more suitable for our purix>ses. 
1. Public school enrollments by county, 1956 to 
1958, excluded enrollments at several campus 
facilities attached to the Maryland State College 
System. Since the location of the facility is known, 
its numbers of pupils were added into the appro- 
priate county totals. 2. Inmates of institutions 



(reform schools, orphan homes, and so forth) 
who were pupils in schools were included in the 
published county totals; since separate information 
was given for each institution, we subtracted the 
numbers from the county totals in order to have 
the noninstitutional school enrollment. For pro- 
jection purposes, the noninstitutional population 
appears more relevant; the institutional 
population can change by edict, such as the 
building of a new or enlarged institution, or the 
removal of an institution from one county to 
another. Hence, there may be little point in trying 
to project the enrollment in institutions. 

These particular adjustments may not be 
required for any other State; we made no adjust- 
ments to the California data. Only detailed study 
of a State’s historical series will indicate whether 
adjustments are needed, and if so, what kind. 

Projection Techniques 
General Outline 

There are four basic steps in preparing the final 
projected enrollments for 1980, or any other year. 
The first step consists of projecting the share or 
proportion of the total State enrollment which 
each county has in order to select that statistical 
device which seems to give the best fit. This is 
done by analyzing a series of years which end some 
3 to 5 years before the last year for which enroll- 
ment data are available by county. For example, 
for Maryland we fitted lines to the period 1956 to 
1962 and projected them to 1965; the projected 
shares could then be compared with the actual 
1965 shares. 

The second step consists of fitting lines to the 
entire seiies of available years, and projecting to 
the target date. For Maryland, lines were fitted 
to the period 1956 to 1966 and projected to 1980. 

The third step consists of adjusting these pro- 
jected shares so that the three grade groups ^vill 
be of approximately the same size. For example, 
if a county has 10 percent of all pupils enrolled in 
grades 1 to 4, it is likely to have close to 10 percent 
of those enrolled in grades 5 to 8, and 9 to 12. 

The fourth and last step then consists of apply- 
ing these adjusted shares to the projected total 
State enrollment (see chapter 6) in order to 
estimate enrollment in each county. 

Line Fitting 

In the material that immediately follows this 
discussion, two basic approaches, including several 
different formulas, will be applied to the projec- 
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Exhibit 3 

Maryland — Counties, Places of 25,000 or More, and Standard Metropolitan Statistical Areas 




20 MILES 







Exhibit 9 

California State Statistical Areas 



i? 

I.; 

s'-' 

I 

% 

I 

I 

y. 



1. North Coast 

2. Sacramento Valley 

3. Mountain 

4. San Francisco Bay 

5. Central Coast 

6. San Joaquin Valley 

7. Santa Barbara-Ventura 

8. Los Angeles-Long Beach 

Metropolitan Area 

9. San Diego Metropolitan 

Area 

10. Southeast 




ERiC 



60 ^ 
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tion of local area enrollment shares for Maryland 
and California. They arc: first, various forms of 
the least-squares trend lines, and second, the use 
of triple-exponential-smoothing prediction equa- 
lions. In appendix F there is a description of a 
po.s.siblc tJiird ap])roach, the use f)f multiple 
rcgiession analj'sis tecliniqucs.' 

One way to decide which tyj)C of trend line to 
fit is to apply several to the historical data and 
then pick out that one that fits bast to use for 
projecting. The line which fits best is that one 
which has the minimum difference from the ob- 
served data; we take the difference between the 
observed historical datum and that produced by 
the formula, square it, and then add all these 
differences squared. After the projections to the 
target date have been made, another test can be 
applied to help evaluate the quality of the pro- 
jections. This test is explained when we describe 
the 1980 projections for the two States. 

There is no single formula which can be guar- 
anteed to give the best fit in all cases. Therefore 
trial and error is the only way of selecting a formula 
for projecting a particular county. The reasoning 
is simple; if one formula describes the historical 
data better, we assume that that formula will be 
best for prediction purjwses. The examples for 
Maryland and California will illustrate how we 
choose the particular formida to be used for 
projecting. 

Least-squares trend lines . — One of the more- 
commonly used methods of statistical forecasting 
is time series analysis or the fitting of trend lines. 
In this approach, we study movement and changes 
from one year to the next. 

There are several alternative types of trend 
lines that can be fitted to time series data using 
the least squares criterion. Those which wo used, 
and which are identified by number in the several 
tables of this chapter and appendix E, are: 

1. Straight line (see appendix C) : 

y=a-\-bx, where: y= enrollment share 
a = intercept 
6= slope of line, or 

amount of change 
per year 

a:=time in years (1,2,3, 
etc.) 

2. Exponential: y=a<**> 



1 Multiple regression analysis vrill not bo eonsidered further slnee this ap- 
proach was not particularly useful for Maryland or California. How useful 
itmay l>oln other States ean be determined only empirically. We arc including 
it in appendix F so that it ean be tested elsewhere if a State wishes to do so. 



3. Logarithmic straight line: y=a{x-\-b) 

4. Rectangular hyperbola: r/ = a-f(6/x) 

5. Hyperbolic: y=lja-\-bz 

6. Saturation: y=zl[a{,x-\-b)\ 

Detailed explanation of these formulas and 
their use can be found in a variety of statistical 
texts including; Mordccai J. B. Ezekiel and Karl 
E^ox, Methods of Correlation and Regression Analy- 
sis, John Wiley and Sons, New York, p. 77 ff; 
Samuel B. Richmond, Statistical Analysis, 2nd 
Ed. The Ronald Press, New York, ])p. 358-3GG, 
19G4; E'. E. Cro.Kton and D. J. Cowden, Practical 
Business Statistics (various editions). 

Triple exponential smoothing . — In its most 
basic form exponential smoothing is nothing more 
than a sophisticated averaging technique. It in- 
volves a weighted moving average scheme whereby 
the more recent data in a time series receive pro- 
portionately more weight than do the older 
observations in calculating the future elements of 
the series. To illustrate this, suppose that 1 year 
ago the county “Z” enrollment share for grades 
1 to 4 for State “X” was 0,0300 and we used this 
figure as the best estimate of what this year’s 
enrollment ratio could be. However, it turned 
out that this year’s enrollment ratio for grades 
1 to 4 in county “Z” was 0.0350 instead of the 
anticipated 0.0300. In estimating for the next 
year, we would want to take into account this 
new enrollment figure, as well as the previously 
calculated one. Assume for the purposes of this 
illustration that 10 percent (the smoothing con- 
stant) of the forecast should be based on the most 
recent demand figure while 90 percent would be 
predicted on the older average. Our average of 
next year’s enrollment ratio would then be: 
future enrollment ratio estimate= (0. 10) (0.0350) -f 
(0.90) (0.0300) =0.0305. 

In the calculations made for California, we 
used three smoothing constants, 0.40, 0.50, and 
0.75. As will be seen in subsequent discussion 
of this State, the smallest smoothing constant 
appears to give the best results. 

Additional information on the fitting of triple 
exponentials is given in appendix C. 

Using the Techniques 

Applying Techniques to Maryland 

The Arst step . — ^Utilizing the historical enroll- 
ment ratio data for Maryland. (See aj)pendix E, 
tables E-1 to E-3), two sets of projections were 
made using the least squares trend line fitting 
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approach. The first set consisted of trend lines 
fitted to the historical enrollment ratio data for 
each of the “4-4-4” grade organization for each 
of the 24 counties from 1966 to 1962. Optional 
or “best-fit” trend lines from this first data .series 
were then projected to 1966 to derive 1966 esti- 
mates to compare with actual 1966 county enroll- 
ment shares. The eejuations thus derived aie 
displayed in appendix E, table E-7. 

Trend line fits were made for both the 1966 
estimates and the subsequent 1980 projections 
using the G. E. BASIC time-sharing computer 
programs. 

The projected 1966 shares may need a slight 
adjustment before they can be compared with the 
actual proportions. For example grades 1 to 4, 
the projected 1966 shares added to 0.9988; 
grades 6 to 8, the projected 1966 shares added to 
1.0071, and grades 9 to 12, the projected 1966 

shares added to 0.9768. 

The calculated shares then must be increased 
or decreased so as to add to 1.0000, after which 
they can be compared with the observed shares 
in 1966. (Appendix E, table E-8 gives the un- 
adjusted sums for each grade group for 1966 and 
1980, for both Maryland and California.) 

The comparison between the 1966 actual and 
1966 projected enrollment ratios (based on pro- 
jections of the 1966-1962 trend lines) for the 24 
counties in Maryland are given in table 37. 



The projected county enrollment ratios were 
next applied to the estimates of the total State- 
maded enrollment in Maryland, a.s shown in 
chapter 6, table 34, to derive 1966 estimates of 
absolute enrollment for each of the 24 counties. 
The comparison between the 1966 “actual” graded 
enrollment and the “estimated” absolute-graded 
enrollment is shown in table 38. T.able 39 sum- 
marizes the results of the enrollment ratio and 
absolute-enrollment comparisons made in tables 

37 and 38. 

The second step * — The above procedures were 
duplicated for the historical data series of county 
enrollment ratios for Maryland over the period 
1966 to 1966. The best trend line equations derived 
for these 11 years were extrapolated to produce 
forecasts of county enrollment shares m 1980. 
(See appendix E, table E-9.) These enrollment 
ratios were then adjusted in accordance with the 
data in appendix E, table E-8, in order to have 
them add to unity, or 100 percent. These shares 
are shown in table 40, columns a, b, and c. 

The third step . — Inspection of the proportions 
. in columns a, b, and c of tabic 40 suggest that 
within each county the grade-group shares diverge 
too much. For example, Allegany County had 
0.0144 in grades 1 to 4, 0.0066 in grades 6 to 8, and 
0.0172 in grades 9 to 12. We can measure this 
divergency as follows : 

Obtain the average of the three shares. 



, 1 . il l... <</_/_/” oraanization of enroUtnent, Stale of Maryland, 1966 

Table 37.— Actual and projected enrollment shores by county, 4-4-4 organnaiwn oj . 



County 



AUogony 

Anno AnindoL. 
BoUlmoro City. 

Baltimore 

Calvort 

CaroUno 

Carroll 

Cecil 

Charles 

Dorchester 

Frederick 

Garrett 

Harford 

Howard 

Kent 

Montgomery... 
Prince Georges 
Queen Annos.i. 

St. Marys 

Somerset 

Talbot 

Washington — 

Wicomico 

Worcester 

Total.... 



Actual shares 
1-4 6-8 



0-12 



Projected sharw Percent error 

1-4 5-8 9-12 1-4 5-8 



0-12 



.0210 


.0223 


.0276 


.0834 


.0704 


.0085 


.2117 


.2241 


.2391 


.1510 


.1517 


.1650 


.0078 


.0074 


.0050 


.0068 


.0072 


.0061 


.0188 


.0178 


.0101 


.0105 


.0127 


.0132 


.0150 


.0151 


.0118 


.0089 


.0097 


.0082 


.0238 


.0234 


.0233 


.0074 


.0073 


.0002 


.0323 


.0305 


.0204 


.0157 


.0152 


.0143 


.0052 


.0040 


.0039 


.1221 


.1360 


.1454 


.1050 


.1492 


.1399 


.0001 


.0004 


.0052 


.0127 


.0100 


.0123 


.0002 


.0069 


.0053 


.0060 


.0062 


.0059 


.0286 


. 0288 . 


.0295 


.0186 


.0170 


.0130 


.0088 


.0091 


.0073 


1.0000 


1.0000 


1.0000 



.0199 


.0237 


.0283 


.0832 


.0700 


.0741 


.2448 


.2437 


.2350 


.1522 


.1480 


.1048 


.0084 


.0071 


.0057 


.0070 


.0070 


.0003 


.0171 


.0164 


.0168 


.0170 


.0129 


.0137 


.0133 


.0148 


.0109 


.0091 


.0092 


.0088 


.0218 


.0224 


.0238 


.0009 


.0071 


.0063 


.0284 


.0270 


.0305 


.0153 


.0151 


.0139 


.0053 


.0048 


.0043 


.1228 


.1443 


.1477 


.1410 


.1309 


.1312 


.0005 


.0002 


.0053 


.0105 


.0091 


.0098 


.0004 


.0070 


.0058 


.0009 


.0007 


.0054 


.0280 


.0277 


.0299 


.0188 


.0180 


.0143 


.0085 


.0089 


.0074 


1.0000 


1.0000 


1.0000 



- 5.2 


0.3 


25 


- 0.2 


- 4.3 


8.2 


15.6 


8.7 


- 1.7 


0.8 


- Z 4 


-ai 


7.7 


- 4.1 


1.8 


2.0 


- 2.8 


3.3 


- 0.0 


- 7.9 


4.3 


3.0 


1.0 


3.8 


- U .3 


- 2.0 


- 7.6 


2.2 


- 5.2 


7.3 


- 8.4 


- 4.3 


21 


- 0.8 


-27 


1.6 


- 12.1 


- 11.5 


15.5 


- 2.5 


-a 7 


-2 8 


1.0 


-20 


10.3 


0.0 


0.1 


1.0 


- 14.0 


- 8.2 


6.2 


0.5 


- 3.1 


1.0 


- 17.3 


- 14.1 


- 20.3 


3.2 


1.4 


0.4 


4.5 


8.1 


- 8.5 


- 2.1 


- 3.8 


1.3 


1.1 


ao 


29 


- 3.4 


-22 


- 1.4 
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Table 38 — Actual and projected absolute enrollments hji county, organization of enrollment, State of Maryland, 1966 





County 






Actuol enrollment, grade 
groupa 


Projected enrollment, 
grade groups 


Percent error 




M 


5-8 


0-12 


M 


5-8 


9-12 


1-4 


5-8 


9-12 


Atlogony... 






i 




5,263 


5,657 


5,216 


5,530 


5,362 


-4.7 


5.2 


-5.2 


Anno Arundol 










18,737 


14,781 


21, 810 


17,753 


14,040 


.1 


-5.3 


-6.0 


noltimoro City. 








55,274 


52,918 


44. 439 


64, 170 


56,925 


44,525 


16.1 


7.6 


. 2 


Daltimoro i. 








39, 410 


35,807 


32.255 


39, 897 


34. 572 


31, 225 


1.2 


-3.4 


-3.2 


Colvort 








2; 030 


• 1,743 


1,264 


2,202 


1,658 


1,080 


8.5 


-4.9 


-14.6 


Carolino 








1,776 


1,695 


1, 381 


1,835 


1,635 


1, 194 


3.3 


-a 5 


-13.5 


Carroll 








4,896 


4,204 


3.553 


4, 482 


3,831 


3, 183 


-8.5 


-8.9 


-10.4 


Cecil 








4,307 


3,669 


2,726 


4, 450 


3, 013 


2,590 


3.5 


-15.6 


-4.8 


Clmrlcs 








3,917 


2; 998 


2,424 


3, 480 


3,457 


2,005 


-11.0 


15.3 


-14.8 


Dorcliostor 








2,334 


2,279 


1,854 


2,385 


2, 149 


1,667 


2, 2 


-5.7 


-10.1 


Frodorick 








6, 208 


5,515 


4,887 


5, 715 


5,232 


4,50«J 


-7.9 


-4.9 


-7.7 


Qorrott 










1,726 


1, 418 


1,809 


1,658 


1, 194 


-5.9 


-a 9 


-158 


Horford 








8,420 


7,189 


5,607 


7,445 


6,307 


5^7?J 


-11.6 


-ia3 


3.1 


Howard 








4,085 


3,590 


3, 100 


4, on 


3,527 


2,634 


-18.1 


-L7 


-15.0 


Kont 








1,362 


1, 151 


882 


1,389 


1,121 


815 


2.0 


-2.6 


-7.6 


Montgomory 








31,884 


32,107 


29, 215 


32, 100 


33,707 


27,985 


1.0 


ao 


-4.2 


Princo Qoorgos 








43, 074 


35,213 


28,415 


37, 197 


31,970 


24,859 


-13.6 


-9.2 


-las 


Quoon Annos 




^ ^ 




1, 586 


1,512 


1, 128 


1,704 


1,448 


1,004 


7.4 


-4.2 


-9.9 


St. Morys 








3, 316 


2,497 


1,037 


2, 752 


2, 126 


1,857 


-17.0 


-14.9 


-4.1 


Somerset 








1,637 


. 1,632 


1, 214 


1,678 


1,635 


1,099 


2.5 


2 


-9.6 


Tolbot 








1,722 


1,462 


1,208 


1,809 


1,565 


1,023 


5.0 


7.0 


-153 


Washington 








7, 452 


6,803 


6,230 


7,340 


6,470 


5,605 


-1.5 


-4.9 


-9.1 


Wicomico — 








4, 857 


4,234 


3, 160 


4,928 


4,205 


2,709 


1.5 


-.7 


-14.4 


Worcester 








2,295 


2,137 


1,649 


2,228 


2,079 


1,402 


-2.9 


-a 7 


-150 


Total 








301,017 


235,981 


200,390 


202, 134 


233,588 


189,471 


0.0 


-1.0 


-6.4 



column d; express the share in each grade grouj) as 
a proportion of the average, columns e, f, and 
g. (See table 40.) 

Historically, divergencies as great as those 
...shown in columns e, f, and g do not occur. Analysis 
of the divergencies for the years 1966 to 1966 gives 
a standard deviation of about 0.06 around a mean 
of 1.00. This empirical finding appears reasonable 
since the age compositions of individual counties 
ordinarily do not differ so greatly as to result in 
disproportionate enrollments in one grade group 
or another. If, for example, in a particular county 
all children were aged 6 to 13, that county might 
have a sizable proportion of the State’s enrollment 
in grades 1 to 4 and 5 to 8, but zero share in grades 
9 to 12. In actuality, such a peculiar age distri- 
bution rarely occurs. As a result, a county tends to 
have about the same projwrtion of the State’s 
enrolhnent in each grade group. 



Table 39. — Summary compariaona* of projected and ob~ 
aerved aharea and enrollmenty by grade groupa, by countiea, 
Maryland f 1965 



/ 




Shares 




Enrollment 


) 


1-4 


5“8 


9-12 


1-4 


5-8 


9-12 


Mean percent error X 


504 


4.76 


5.28 


6.54 


0.23 


0.38 


Standard deviation S 


4.00 


a42 


4.83 


5.41 


4. 35 


4.70 


Coeflictent of variation V 


82 


.72 


.91 


.83 


.70 


50 



^Summaries of tho columns showing percent error, in tables 37 and 38. 



50 



O 




Hence, one test of the goodness of fit of a pro- 
jection is the amount of divergency resulting 
among the three grade groups. The divergency 
shown in table 40 is too great ; various other liiite 
could have been fitted in an effort to reduce this 
divergency. However, any final decision as to 
which projections might be best must always be 
made in light of all knowledge available to State 
and local educators. Since we are simjdy illus- 
trating a methodology, we shall not fit additional 
lines, but show how the final results can be 
adjusted. 

Since the standard deviation of the historical 
divergencies was 0.06, we can set the upper limit 
os 1.06, and the lower as 0.94, for the ratios sho^vn 
in columns e, f, and g. Any share in columns a, 
b, or c which falls within these limits is accepted. 
If it is larger than 1.06, it is reduced to 1.06; and 
if it is smaller than 0.94, raised to 0.94. For ex- 
ample, in Allegany County, grade 1 to 4, the 
projected proportion was 0.0144 (column a); this 
was 1.134 (column e) of the average 0.0127 (col- 
umn d). We multiply 0.0127 by 1.06 to get an 
adjusted share of 0.0135 (column h). Similarly, 
the original projected share for grades 5 to 8 
is raised from 0.0065 to 0.0119. The final results 
of this first adjustment are shown in columns h, 
j, and k of table 40. 
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Tablk 40. — Projected public school fall enrollment shares by grade group and county, and method of adjustment, State of 

Maryland, 1980 



Projected shares Projected shares 

Projected shares Percent o( mean first adjustment • second adjustment 



County 


M 


5-8 


0-12 


Av. 


1-4 


5-8 


9-12 




5-8 


9-12 


1-4 


5-8 


9-12 




(a) 


(b) 


(c) 


(d) 


(c) 


(0 


(8) 


(It) 


0) 


(k) 


(1) 


(m) 


(n) 


Stoto totol 


I.OOOO 


1.0000 


1.0000 


1.0000 . 








1.0096 


.9976 


1.0057 


1.0000 


1.0000 


r. 0000 


Allegany 


0144 


.0005 


.0172 


.0127 


1.134 


.512 


1.354 


.0135 


.0119 


.0135 


.0134 


.0119 


.0134 


Anno Arundci 


0181 


.1043 


.0721 


.0948 


1.140 


1.100 


.761 


.1000 


.1000 


.0901 


.0990 


.1002 


.0896 


Doitimoro City 


0078 


.1462 


.1607 


.1349 


.725 


1.084 


1. 191 


.1268 


.1430 


.1430 


.1256 


.1434 


.1422 


naltimoro 


1652 


.1497 


.1612 


.1587 


1.041 


.943 


1.016 


.1652 


.1497 


.1612 


.1630 


.1501 


. 1603 


Calvfirt- 


0081 


.0071 


.0090 


.0081 


1.000 


.877 


1.111 


.0081 


.0076 


.0086 


.0080 


.0076 


.0086 


Coro lino 


0W5 


.0064 


.0043 


.0051 


.882 


1.255 


.843 


.0048 


.0054 


.0048 


.0048 


.0054 


.0048 


Carroll 


0204 


.0161 


.0118 


.0161 


1.267 


1.000 


.733 


.0171 


.0161 


.0151 


.0169 


.0161 


.0150 


Cecil 


0160 


.0134 


.0094 


.0131 


1.207 


1.023 


.718 


. 0139 


.0134 


.0123 


.0138 


.0134 


.0122 


Charles 


0180 


.0126 


.0106 


.0140 


1.350 


.900 


.757 


.0148 


.0132 


.0132 


.0147 


.0132 


.0131 


norcliostor 


0058 


.0072 


.0042 


.0057 


1.018 


1.263 


.737 


.0058 


.0060 


.0054 


.0057 


.0060 


.0054 


Frodorlck * 


0222 


.0180 


.0171 


.0191 


1. 162 


.942 


.895 


.0202 


.0180 


.0180 


.0200 


.0180 


.0179 


Oorrott 


0053 


.0032 


.0038 


.0041 


1.293 


.780 


.927 


.0043 


.0039 


.0038 


.0043 


.0039 


.0038 


T^orford 


0421 


.0279 


.0344 


.0348 


1.210 


.802 


.989 


.0369 


.0327 


.0348 


.0365 


.0328 


.0346 


Howard 


0215 


.0235 


.0184 


.0211 


1. 019 


1.114 


.872 


.0215 


.0224 


.0198 


.0313 


.0225 


.0197 


Kont - 


0036 


.0031 


.0019 


.0029 


1.241 


1.069 


.655 


.0031 


.0031 


.0027 


.0031 


.0031 


.0027 


Montgomery 


.1200 


.1458 


.1658 


.1441 


.837 


1.012 


1. 150 


.1355 


.:<58 


.1527 


.1342 


.1462 


.1517 


Princo Georges 


2450 


.2353 


.2404 


.2402 


1.020 


.080 


1.000 


.2450 


.2353 


.2404 


.2420 


.2360 


.2300 


Queen Alines 


0050 


.0055 


.0037 


.0047 


1.064 


1.170 


.787 


.0050 


.0050. 


.0044 


.0050 


.0050 


. 0044 


St. Marys 


0165 


.0101 


.0100 


.0122 


1.353 


.828 


.820 


.0120 


.0115 


.0115 


.0128 


.0115 


.0114 


Somerset 


0024 


.0047 


.0026 


.0032 


.750 


1.467 


.813 


.0030 


.0034 


.0030 


.0030 


.0034 


.0030 


Tolbot. 


0044 


.0036 


.0037 


.0039 


1. 128 


.923 


.949 


.0041 


.0037 


.0037 


.0041 


.0037 


.0037 


Washington 


0263 


.0205 


.0201 


.0223 


1. 179 


.919 


.901 


.0236 


.0210 


.0210 


.0234 


.0211 


.0209 


Wlcot-ilco ... 


0185 


.0171 


.0107 


.0154 


1.201 


1.110 


.695 


.0163 


.0103 


.0145 


.0161 


.0163 


.0144 


Worcester 


0068 


.0121 


.0069 


.0087 


.781 


1.390 


.793 


.0082 


.0092 


.0082 


.0081 


.0092 


.0082 



* Adjusted to maximum of 1.00 ond minimum of 0.04. 
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It is seen that these last three columns do not 
quite add to 1.0000. Accordingly, we raise or 
lower them so that they add to unity; the final 
results (second adjustment) are shown in columns 
1, m, and n. 

The fourth step . — This consists of applying the 
final shares (columns I, m, and n of table 40) to 
the projected State enrollment by grade, as given 
in table 36. The results for 1980 are shown in 
table 41. 

Applying Techniques to California 

The first step . — Initially trend lines using least 
squares formulas, both straight line and linear, 
were applied to the counties and State statistical 
areas. The results were inferior to those obtained 
in Maryland. For example, in the North Coast 
Statistical Area, grades 1 to 4, the linear pro- 
jection was in error by 47 ? percent, and the 
curvilinear by 41.3. For all State Statistical Areas 
the average percent error was 22.8 (appendix E, 
table E-10). The errors for individual counties 
in some cases were considerably greater than for 
State Statistical Areas; obviously, the least 
squares formulas are not very useful. 

353-081 0 - 70 -5 



Table 41.— 1950 projected enrollment by grade groups, 
State of Maryland, by counties 

(Nuitibt'rs In thousands) 



County 


Based on population 

projections, Series B-1 


Based on low population 
projections, Scries D-1 


1-4 


5-8 


0-i2 


Total 


1-4 


5-8 


9-12 


Totol 


Stoic total... 


345.9 


287.3 


262.9 


896.1 


2666 


252.9 


258.2 


777.7 


Allegany 


4.6 


3.4 


3.5 


11.5 


3.0 


3.0 


3.5 


10.1 


Anno Arundci 


34.2 


28.8 


23.6 


86.6 


26.4 


25.3 


23. 1 


74.8 


Baltimore City 


43.4 


41.2 


37.4 


122.0 


33.5 


36.3 


36.7 


100.5 


Baltimore 


56.6 


43.1 


42.1 


141.8 


43.0 


38.0 


41.4 


123.0 


Calvert 


2.8 


2.2 


2.3 


7.3 


2.1 


1.9 


2.2 


6.2 


Caroline 


1.7 


1.6 


1.3 


4.6 


1.3 


1.4 


1.2 


3.9 


Carroll 


5.8 


4.6 


3.0 


14.3 


4.5 


4.1 


3.0 


12.5 


Cecil 


4.8 


3.8 


3.2 


11.8 


a7 


3.4 


3.2 


10.3 


Cliorlcs 


5.1 


3.8 


3.4 


12.3 


3.9 


3.3 


3.4 


10.6 


Dorchester 


2.0 


1.7 


1.4 


5.1 


1.5 


1.5 


1.4 


4,4 


Frederick 


6.0 


5.2 


4.7 


16.8 


5.3 


4.6 


4.6 


14.5 


Oorrett 


1.0 


1.1 


1.0 


3.6 


1.1 


I.O 


1.0 


3. 1 


Harford 


12.6 


0.4 


0.1 


31.1 


9.7 


8.3 


8.0 


20.0 


Howard 


7.4 


6.5 


5.2 


10.1 


5.7 


5.7 


5.1 


16. 5 


Kent 


1.1 


ao 


0.7 


2.7 


08 


0.8 


0.7 


2.3 


Montgomery 


46.4 


42.0 


39.0 


128.3 


35.8 


37.0 


39,2 


112.0 


Prince Ocoigcs — 


84.0 


67.8 


62.7 


214.5 


018 


59.6 


61.7 


186. 1 


Queen Annes 


1.7 


1.4 


1.2 


4.3 


1.3 


1.3 


1. 1 


3,7 


St. Marys 


4.4 


3.3 


3.0 


10.7 


a4 


2..' 


2.0 


0.2 


Somerset 


1.0 


1.0 


0.8 


2.8 


68 


0.0 


0.8 


2. 5 


Tolbot 


1.4 


1.1 


1.0 


3.5 


1.1 


0 0 


1.0 


3,0 


Washington 


8.1 


6.1 


5.5 


19.7 


0.2 


5.3 


5.4 


16. 0 


Wicomico 


5.6 


4.7 


3.8 


14.1 


13 


4.1 


3.7 


12. 1 


Worcester 


. 2.8 


2.6 


2.2 


7.6 


2.2 


2.3 


2.1 


6.6 
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Following the principal of trying various for- 
mulas until we found one which gave a good (it, 
we tried the triplc-exponential-smoothing equa- 
tions. We could have tried the several other 
formulas, described earlier, but decided not to do 
so since they were tested in Maryland. Two sets 
of equations were cnlciilated for the period 1947 
to 1960, from which 1905 was projected; one used 
a 0.60 smoothing constant and the other 0.76. 

The 1965 projected shares were then adjusted 
in accordance with the data in appendi.x E, table 
E-8 so as to add to unity. 

The 1965 prediction equations derived from 
the 1947-1960 data series are displayed in appen- 
dix E, table E-11. The comparison of the 1965 
enrollment ratio estimates derived using the two 
smoothing constant assumptions are shown in 
table 42. The corresponding absolute enrollment 
estimates for 1965 (using two different population 
projections) and their comparison with actual 1905 
estimates ai*e shown in appendix E, tables E-12 
and E-13. 

It is clear that use of the triple exponential 
formula gives a much better fit to the historical 
data. The average error for grades 1 to 4, for 
example, is about 7 percent, varying slightly, 
depending on the smoothing constant and popula- 
tion projection used. The least squares formula, 
jis we saw previously, gave an eiTor of 22.8 jjercent 
(appendix E, table E-10). There is little to choose 
between the 0.50 and 0.75 smoothing constants. 
The former gives closer fits for grades 1 to 4 and 
5 to 8, whereas the latter gives a better fit for 
grades 9 to 12. 

The second step . — On the basis of these results 
we ijroceeded to use this formula for making pro- 
jections to 1980. Projection equations and the 
projected enrollment ratios for 1980 for the 10 



State Statistical Areas in California arc displayed 
in appendix E, table E-14. 

The third step . — This consists of adjusting the 
projected shares so that within each comity, the 
shares in each grade group will be approximately 
the same. Wc repeat for California, for the shares 
projected with the 0.500 smoothing constant, the 
calculations for Maryland shown in table 40, 
columns e, f and g. Inspection of columns e, f, g 
in table for California, appendix E, tabic E-15, 
suggests that the viuiance among grades is huge, 
perhaps too large for comfort. A simple way of 
testing is to calculate the standard deviation of 
the 30 entries in these three columns; this turns 
out to be 0.24. 

Inspection of the projected shares calculated 
with the 0.75 smoothing constant in appendix E, 
table E-14 suggests that the standard deviation 
is even greater. 

Accordingly, we decide to return to the second 
step and a|)ply an equation using a smoothing con- 
stant of 0.400. This produces the shares shown in 
table 43, columns a, b, and c. We next calculate 
the columns e, f, and g, proportion of the mean; 
the standard deviation of these 30 numbers is 
0.13. The extent of variation from one grade group 
to the next is obviously much smaller with the 
0.400 smoothing constant. Accordingly, we use 
this for our 1980 j)rojections, instead of either the 
0.50 or the 0.75. 

For the 10 Statistical Areas of California, the 
historical divergencies among grades had a stand- 
ard deviation of about 0.03. Accordingly, we as- 
sumed a range of 0.9o to 1.04 os marking the limits 
within which the projected proportions would be 
allowed to vary. Any share in columns a, b, or c 
of table 43 which deviated from the mean by a 



Table 42. — Actual and ■projected enrollment shares by area, "4-4~4” organization of enrollment, State of California, 1966 





Actual enrollment 

OltfkMko 




Projected enrollment shores 






Percent error of projections 




Statistical Areas 








0.50 Constant 


0.76 Constant 


0.60 Constant 


0.76 Constant 




M 


5-8 


0-12 


1-4 


5-8 


0-12 


1-4 


5-8 


0-12 


1-4 


6-8 


0-12 


1-4 


6-8 


0-12 


North Coast 


.0109 


.0110 


.0120 


.0100 


.0130 


.0100 


.0094 


.0144 


.0103 


-8.3 


17.2 


-11.7 


-13.8 


24.1 


-14.2 


Sacramento Valloy 


.0553 


.0550 


.0573 


.0003 


.0001 


.0507 


.0024 


.0022 


.0503 


lao 


8.6 


-1.1 


12.8 


11.0 


3.6 


Mountain 




.0220 


.0238 


.0209 


.0233 


.0209 


.0180 


.0230 


.0225 


ao 


3.1 


-12.2 


-11.0 


4.4 


-6.6 


Son Francisco Day 


.2228 


.2232 


.2274 


.2200 


.2249 


.2390 


.2204 


.2146 


.2483 


-1.3 


0.8 


6.4 


-1.1 


-3.9 


0.2 


Central Coast 


.0244 


.0242 


.0330 


.0253 


.0247 


.0332 


.0342 


.0233 


.0230 


37 


37 


0.0 


-0.8 


-3.7 


0.0 


San Joaquin Valley 


.0992 


.1009 


.0907 


.1090 


.1055 


.0931 


.1134 


.1100 


.0930 


168 


13 6 


-3.7 


14.3 


11.0 


-3.2 


Santa Darbara-Ventura 


.0362 


.0330 


.0310 


.0323 


.0314 


.0293 


.0317 


.0310 


.0208 


-32 


-4.9 


-5.6 


-9.9 


-4.2 


-3.9 


Los Angoles-Long Beach Metropoll* 
tun Area 


.4035 


.4037 


.4000 


.3930 


.3010 


.3969 


.4030 


.4023 


.3893 


-2.5 


-3 0 


-3 6 


30 


-34 


-4.1 


Son Diego Metropolitan Area 


.0016 


.0003 


.0001 


.0091 


.0003 


.0730 


.0021 


.0596 


.0670 


Mi 


13 0 


21.6 


1.0 


-1.3 


13 0 


Southeast 


.0602 


.0047 


.0029 


.0580 


.0583 


.0577 


.0542 


.0580 


.0560 


-11.6 


-9.9 


-8.3 


-131 


-134 


-11.0 
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proportion {rrcntcr than 1.04 was reduced, and any 
which was below 0.96 was inercased. Thus, for 
e.xainplc, in the San Francisco Bay Area, the pro- 
jected share in grades 1 to 4 is 0.2324 (column a). 
The mean share for this area is 0.2023 (column d) ; 
grades 1 to 4 are thus 1.148 of the mean 
(column c). Since this latter luiinber is greater 
than 1.04, we multiply 0.2023 by 1.04 to obtain 
the value of .2104 (column h). 



The sum of columns h, j and k do not quite add 
to 1.0000. Accordingly, we adjust them so that 
tiicy add to unity; tJic final results (second adjusl- 
inent) arc shown in columns 1, m, and n (table 43). 

The fourth step . — This coiusists of applying the 
final shares (columns 1, m, and n of table 43) to 
the projected State euroliincut by grade as gi\cn 
in table 36. The final results for 1980 arc shown in 
table 44. 



Table 43 



.-Proj«t.d TuWe Mfall 



Projected slmres 



I’crccnt of mean I’rojected shares, Projected shares, 

1 crccni 01 mean . Second adjustment 



Statistical Areas 



1-4 5-8 9-12 Aver- 1-4 5-8 9-12 

ago 



(d) (0) 



(0 



1-4 5-8 9-12 1-4 5-8 9-12 

(g) (h) (j) (k) 0) 





OfUM .9503 


.9569 


.9560 . 








.9574 


.0808 

.0101 

/VMu; 


.9638 

.0109 

.0424 


1.0000 

.0113 

.0449 


1.0000 

.0106 

.0414 


1.0000 

.0113 




0108 


.0091 


.0117 


.0105 


1.028 


.806 


1.114 


.0108 

AIQA 


.0440 




0432 


.0383 


.0424 


.0413 


1.046 


.927 


1.026 




. Uli JU 
n9A7 


. 0289 


.0279 


.0279 


.0300 




0238 


.0247 


.0348 


.0278 


.856 


.888 


1. 251 


.0207 

9IA1 


. 1942 


. 1942 


.2198 


.2030 


.2015 




..... .2324 


.1938 


.1806 


.2023 


^5 

10 ot 


. 957 
.938 


. 892 


. 41vl 

AQI R 


mil 


. 0337 


.0329 
. 1302 


.0325 


.0350 




0315 


.0304 


.0353 


.0324 


1. 089 


.0315 

tOA’T 


. UOll 


. 1273 


.1228 


.1321 




1247 


.1083 


.1342 


.1224 


1.018 


.884 

1.062 


1. 006 


. 1*47 


. 11/4 


.0540 


.0610 

.3489 

.0408 

.0823 


.0610 


.0560 


san JoaQUHi vuuoy. 


0S99 


.0597 


.0491 


.0562 


1.065 


. 873 


. U9B4 


. Uu(n 
4RIM1 


. 3618 


.3761 


.3753 




3086 


.3599 


.3752 


.3479 


.887 


1.034 


1. 078 
.526 
.951 


. 3340 
.0391 


. tfOUJ 

.0391 

natv) 


/ 1 QA 1 


.0409 

.0838 


.0375 


Los AngeleS'Long Bcacii iwovropunMiu 


0472 


.0450 


.0198 


.0376 


1.255 


1.220 


. IMOl 

0745 


.0773 


San Diego Mcvropoiiiaii . - - - - - - 


0788 


.0802 


.0738 


.0776 


1.015 


1.033 


. 0788 


. usviS 







* Adjusted to maximum of 1 .04 and minimum of .96. 
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Table ^.-Projected enrollmenl by grade groups, SlaU of California, by areas, 1980 

[Numbers in thousands) 

Based on Mth^j^alMon projections, Based on f>w0al^lon projections, 

Total 




^ , , , 1853.3 

State total . ^ g 

North ^ 

Sacramento Valley 51 y 

Mountain 4(jy*4 

San Francisco Bay q 

Central Coast 241. 3 

San J oaquln V alley ^3*^ 

Santa Barbara-V ontura 

Los Angeles-Long Beach Metropolitan Area ^ 

San Diego Metropolitan Area ^ 

Southeast 



1640.0 

17.5 

68.3 
46.0 

334.7 

53.6 

202.5 

100.6 
020.2 

67.4 
138.2 



1603.4 

18.1 

70.5 

48.1 
323.1 

50.1 

211.8 

89.8 

601.0 

60.1 
123.9 



5105.7 

50.5 

222.0 

145.8 

1065.2 

170.7 
655.6 

303.5 

1868.7 
203.1 

414.6 



1812.0 

20.5 

81.4 

50.6 

398.4 

ao 

230.0 

110.6 
632.3 
74.0 

149.2 



1618.0 

17.2 

67.0 

45.1 

328.5 
5Z6 
198.7 

98.7 

008.4 

06.2 

135.6 



1578.2 

17.8 

69.4 

47.3 

318.0 

55.2 
208.5 

88.4 

592.4 

59.2 

122.0 



5008.8 
55.5 

217.8 

143.0 

1044.9 

167.4 
643.2 

297.7 
1833.1 

190.4 

406.8 
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The previous chapters were concerned with 
procedures which could be utilized a ccutml 
State agency for preparing projections for each of 
its counties and school districts. Our reasons [or 
preferring a statewide approach were set forth 
in chapter 2, where wc discussed the difllcultics of 
studying individual school districts, especially 
those which are very small or whose geographic 
boundaries have been changed in recent yeai-s, or 
expect boundary changes within the foreseeable 
future. It is recognized, nevertheless, that in 
many instances no estimates prepared by a central 
State agency will be available to the local school 
district, and the local unit will wish to have some 
estimate of its possible elementary and high school 
enrollment for a decade or longer. Accordingly, 
in this chapter we arc presenting some procedures 
which are modified vereious of those pre^riousl 3 ’^ 
described, and which can be used by any school 
district. Short-term projections, 1 to 5 yeare in 
the future, were described in chapters 3 and 4 and 
need no further elaboration here. 

Types of School Districts 

Before describing any projection techniques, 
it is best to review the several types of school 
districts, because each type requires its own kind 
of projection methods. The firet major distinction 
is between those districts which have maintained 
constant geographic boundaries over a number of 
years, and expect to keep those boundaries intact, 
at least, until the projection date; and those 
districts which have had, or expect to have, 
significant boundary changes. 

Within each of these two types are those school 
districts which provide education from kinder- 
garten through high school; and those which 
provide a certain number of years schooling after 
ndrich the students are sent to another district. 
Perhaps the most common form is that in which 

0 



the local district provides the elementary school- 
ing and a consolidated district provides the high 
school. Thus, for the purposes of projecting 
enrollment, two or more school districts arc 
involved. 

Within each of these latter two types, the 
districts can be subdivided further into at least 
three size groups: vei’ 3 ' small, enrollment under 
1,000 students per year; intennediate, from 1,000 
to 100,000; very large districts such as New York 
City, Chicago, or any similar metropolis. 

Further complications to plague the statistician 
are sometimes introduced when the geographic 
boundaries are changed and simultaneously, the 
district moves from a kindergarten through high 
school program to one covering only part of the 
entire elementaiy and high school education. 
Such districts can only be handled on an ad hoc 
basis and will not be described here. 

Some school districts have boundary lines which 
do not coincide with any political or census 
boundaries. Such places have additional dij[15.culties 
in obtaining the basic population data needed for 
making projections; we shall offer some suggestions 
on how to cope with this problem. 

Finally, there are some districts which are 
nonoperating. The making of enrollment projec- 
tions for such places may be simple for the non- 
operating unit, but poses some problems for the 
district which does the actual teaching. We shall 
suggest ways of handling this tyjie of situation. 
In summary, because of the large variety of school 
district types, we shall discuss a variety of ap- 
proaches. Officials of a school district can then 
select the procedure, or combination of procedures, 
most appropriate to their particular needs. 

Basic Projection Techniques 

Two variants of what we call the Basic Projec- 
tion Technique, and the circumstances under 



54 



which each is applicable, will be dcscrihed. 
Three conclilioiis are necessary for the application 
of both of these variants, aiid these are: 

1. They apply to school districts having hc- 
twecn 1,000 and 100,000 pupils. School oflicials 
from smaller or larger districts can use them also 
if they so clc.sirc; however, these very small and 
very large districts often have unique situations 
which do not lend themselves readily to the 
aj)plication of a standard technique. Indeed, 
even a district which falls between the above 
range, and to which the Basic Projection Tech- 
nique presumahly can be applied, should consider 
whether or not it has unique situations or prob- 
lems which would preclude the use of a standard 
technique. For c.xninplc, if the ofTicials of a school 
district containing 1,200 pu])il.s know that several 
large enter])rises are slated to move into the area 
and can be e.xpected to double its [wpiilation 
within, say, the next 5 years, then they must 
take this into account in projecting .school enroll- 
ment. The application of a staiidard technique 
cannot take such an unusual event into account. 

2. The school district must have had constant 
and unchanging boundaries for a significantly 
long period, and the exj)ectation is that the 
boundaries will continue unchanged until, at 
least, the ])rejection date. The first variant of 
our Basic Projection Technique uses Decennial 
Census data; this requires that the boundaries 
have remained unchanged for at least three Cen- 
sus periods and will continue unchanged. In the 
illustrations used here, we shall employ data 
from the 1940, I960 and 1960 population censuses 
and sliall project to 1980; hence we must have 
constant boundaries over tlie 40 year period, 
1940 to 1980. When the 1970 Census results be- 
come available, data for 1960, 1960, and 1970 
can be used for projecting to 1980. In the event 
that the district’s boundaries have changed, a 
modification in the procedures is required and 
will be discussed in a section entitled “Changing 
Boundaries.” 

The second variant of the Basic Projection 
Technique uses locally available school enrollment 
data. For this, data should be available for at 
least 10 yeara, and preferably more, for a district 
having unchanging boundaries. In the illustration 
given, historical data are ])resented for the period 
1966 to 1968, 14 years, and then projected to 
1980. 

3. For the first variant, we also must have dis- 
tricts whose houudaiy lines conform to recognised 



political lines such as a county or city, or confonn 
to the boundaries of one or more minor civil 
divisions ivs published in the Decennial Popula- 
tion Censuses of the United States. For such 
school districts it is possible to obtain the necessary 
data from the published Census volm res. ’I’he 
treatment of those districts which do not have 
recognized political boundary lines are discussed 
in the section on nonconforming boundary lines. 

For the second variant it is possible to use 
school districts whose boundaries do not conform 
to recognized political lines. Nevertheless, it is 
desii'able that such districts lie within one county, 
although projections can be made— albeit with 
more work — if they cross county lines. 

Finally, we should note that it is desirable for 
a school district to make projections using both 
variants, if possible. ’Phey should be compared, 
scrutinized carefully, and evaluated iii terms of 
land use information and other facts known to 
the local community and which cannot be taken 
into account via general statistical procedures. 
On the basis of such im cxaniination, a dedsioii 
can be made ns to which projection to accept, or 
how to modify them i\\ light of lulditional locally 
available information. 

Variant One 

Procedures covering grades 1 through 12 

This can be used in school districts whoso bound- 
aries conform to recognized political boundaries. 
The general idea consists of relating the population 
of school age in the local school district, to the 
same ago popidation in the county for three Census 
periods, using published decennial data. The 
population of school age in the county is then 
related to the same population in the State. Pro- 
jections to 1980 follow immediately since we have 
popidation projections for all States, prepared by 
the U.S. Census Bureau. We can then work from 
these State figures to the local school district. 
The sequence of steps (shown in table 46) is as 
follows : 

1. Wo wish to use data from the most recent 
three Decennial Population Censuses; for present 
purposes w'O shall use data for 1940, 1960, and 1960. 

2. Copy out the numbers of poreons aged 6 to 
17 yearo living in the State at each date. For 1940 
the data will bo found in Vol. II, in the appro- 
priate State section; 1960 data appear in the P— B 
series, and 1960 statistics in the PC (1) B scries. 

3. Next copy out the numbers of peroons aged 
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5 to 17 years living in the comity at each date. Use 
the same sources as for step 2. 

4. We next wisli to have tlie nmnhers in tlie 6- 
to 17-year age group living in the school district 
at each date. As long as the school district bound- 
aries coincide with political boundaries, Census 
data showing age distributions will be available, 
in one table or another of the mentioned State 
volumes. (If the school district crosses political 
boundaries, use the second variant and see the 
section entitled “Boundary line Problems") Most 
likely the Census tables will notshow the age group 
5 to 17 for smaller communities, for example, those 
having under 10,000 total population in 1960. The 
ages likely to be shown arc 5-ycar groups, and 
sometimes 10-ycar groups. In such cases it is 
necessary to use the Sprague multipliers (explained 
in appendix B) to estimate the numbers. For ex- 
ample, let us assume that a given school district 
coincides with a census minor civil division as 
shown in the 1960 census (Series PC (1) B) for 
each State. For such a school district we have the 
number by sex, aged 5 to 14, and 15 to 24 years. 
We. use the Sprague multiplicre to estimate the 
number aged 15 to 17 inclusive, and add that 
number to the number aged 5 to 14. 

If a school district coincides with an urban 
place between 2,500 and 10,000 popidation as 
reported in the 1960 Census, the age groups 
shown are 5 to 9, 10 to 14, and 15 to 19. In this 
case we divide the 15 to 19 age group to obtain 
the estimated number aged 15 to 17, and add 
this to the number aged 5 to 14. 



Note that statistics on age distributions are 
not uniformly presented in all Decennial Censuses. 
Nevertheless, using the Sprague multipliers any 
age distribution containing 5- or 10-year groups 
can be subdivided into the required 5- to 17-ycar 
inclusive total. 

5. The above items of information can now be 
assembled as in table 45. 

Part T of Tabic 45.— In column a enter the 
numbers aged 5 to 17 in the State at each Census 
period. In column b enter the numbers aged 5 to 
17 in the county at each Census period. In column 
c (and subsequent columns) enter the numbers 
aged 5 to 17 in the school district(s) within the 
the county in column b being studied, at each 
Census date. In this e.\ample, both Leonia and 
Tenafly are in Bergen County. The next step 
consists of dividing the entry in column b by that 
in column a in order to obtain the percent of 
the State’s total in the county. The percent is 
shown in column e. We now need the school 
district population aged 5 to 17 as a percent of 
that in the county. Thus for Leonia, we divide 
column c by column b and enter the result in 
column f. For Tenafly, wc divide column d by 
column b and enter the iiercentage in column g. 

Part II of tabic 45. — Since wc wish to project 
to 1980, we obtain the State projections for the 
age group 5 to 17 as prepared by the Census 
Bureau. The ones used in this example were 
taken from the Bureau’s Current Population Re- 
ports, Population Estimates, “Revised Projections 
of the Population of States, 1970 to 1985,” Series 



Table 45. — Projecting school districts 1960 to 1980, an example using New Jersey 





Part I, past (Census data) 




Numberof persons aged 5 to 17 




County ns 
percent of 


School district ns percent 
of county 


State 

(a) 


Bergen 

County 

(b) 


School districts 


OIIHC 

(b+n) 

(0) 


Leonia 

(c^-b) 

(0 


Tenafly 

(d+b) 

(8) 


Leonia 

(c) 


Tenafly 

(d) 


1040* 






<82; 486 


M, 133 


4 1, 631 


0.841 


1.374 


1.860 


I960* 






03,733 


H,245 


4 1,054 


11.235 


1.328 


2.086 


I960* 






138^786 


n.807 


3,000 


laosi 


a 073 


1. 038 




Part II, projections, 1080 * 


From 


Column nX 


Column bX 


Column bX 




From table 46 






census 


column 0 


column f 


column g 








Series ID 






351,000 


2,100 


7,310 


17.1C2 


aC25 


Z083 


Series IID 






345,000 


2; 100 


7,100 


17. 1C2 


.025 


Z083 


Series ID 






300^000 


1,875 


0,250 


17. 1C2 


.025 


Z083 


Series IID 






2011^000 


1,840 


0,140 


17. 1C2 


.025 


2.083 



I 

j 

56 



O 
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> Sottreo; 1040 Population Census, Vol. II, Port 4, State of New Jersey. State data from table 7, county data from table 22, and local community data from 
table 30. 

* Source; I960 Population Census, P-B30, State of Now Jersey. State data from table 15, county data from tnblo 41 , and local community data from table 38. 

< Source: 1060 Population Census, PC(1) 32D, Stnto of Now Jersey. State data from table 1C, county data front tablo27, and local community data from 

table 22. 

* Sprague multipliers used to obtain 5 to 17 year groups. 

* U.S. Census Bureau, Series P-25, No. 375, table 5. 
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P-25, No. 375, October 3, 1967, table 5. (Pi-om 
time to time the Census Bureau issues new pro- 
jections and it is best to use the latest available.) 
Four series are shown, varying from inn.ximum to 
minimum numbers; these are shown in column a 
ns IB, IIB, ID, nnd IID. 

We next obtain columns e, f, nnd g on the 
basis of the calculations shown in table 46. The 
entries for the first three lines in table 46 are 
taken from columns c, f, nnd g of table 45. Lines 
4 to 9 inclusive are calculated ns directed in 
table 46. The final entries in line 9 are then entered 
in table 45, part II, columns e, f, nnd g. Note that 
in table 46 we have sinijily fitted a .straight line 
using n simplified vei-sion of the procedures shown 
in appendix C. 



Tahub 46. — irorfc sheet for calculating projection equations 
for tabic 4^ 





County 
ns percent 
of State 


Leonia 
ns percent 
of county 


Tennfly 
ns percent 
of county 


1) First census, 1040 


0,841 


1.374 


1,850 


2) Second census, lOSO 


11,235 


1.328 


2.085 


3) Third census, 1000 


13.581 


0,073 


1.038 


4) Line 3 minus lino 1 


3.740 


-.401 


.082 


5) Line 4 divided by 2 


1.870 


-,200 


,041 


n) Sum of lines 1, 2 nnd 3 


34.657 


3,075 


5,870 


7) Line 0<llvldc<lby3 


11.552 


1,225 


1,000 


8) Lino 5 times 3 


5.010 


-.000 


.123 


0) Lino 7 plus lines 


17.162 


0,025 


2.033 



The entries in column a are multiplied by the 
percentages in column e and the numbers entered 
in column b. 

The numbers in column b are next multiplied 
by the percentages in columns f and g for the 
school district(s), and entered in columns c and d. 

Column c of part II then shows the final 
projections for the school district of Leonia in 
1980. If New Jersey should have the maximum 
popidation growth, then Leonia will have the 
maximum number of persons aged 5 to 17, or 
2,190. Minimum population growth will result in 
a projected number of 1,840. 

In order to obtain the estimated percent in- 
crease in the numbers enrolled in public school, 
w^e divide the estimated 1980 numbers for the 
school district by the 1960 numbers as shown in 
table 45. For Leonia we have: 2,190-4-1,807= 
21% increase (Series IB); 2,160-4-1,807=13% 
increase (Series IIB); 1,875-4-1,807=4% increase 
(Series ID) and 1,840-4-1,807=2% increase 
(Series IID). 

For Tenafly the respective increases are: 
103 percent, 100 percent, 74 percent, nnd 70 



])crcent. These percentage increases are then 
multiplied by the number of residents actually 
enrolled in the public school systcm(s) in 1960 in 
order to obtain the projected numbers in public 
school in 1980. For ihese purposes it is preferable 
to use the numbers enrolled in the spring 1960 
(if available) rather than the fall 1960 enrollment, 
since the census was taken in April 1960. 

The final numbers are then the first approxi- 
mations to 1980 enrollment nnd must be evaluated 
in terms of locally know'll information. For ex- 
ample, in 1960 the Leonia school district included 
111 students from other school districts. If Leonia 
should continue to receive nonresident students 
in 1980, then some estimate of this number will 
be needed in order to obtain a total enrollment 
figure. Whether a statistical projection of the 
numbere of nonresident pupils in 1980 can be 
made, depends on w'ho these nonresidents are nnd 
wdint aiTnngements have been made betw'een the 
two (or more) school districts. 

How the final statistical projection con be 
evaluated in terms of locally knowm information 
can be illustrated wdth Leonia. The 1980 projec- 
tions suggested that the increase in public school 
enrollment may vary between 2 and 21 percent, 
depending on the grow^th of New' Jersey. A survey 
of the Leonia public school system was made in 
early 1968 (Educational Developments Associate, 
April 8, 1968). After examining all locally aviiilable 
data the investigators wrote "... Assuming no 
change in these conditions, the public^ school 
popidation of Leonia, through 1975, w'ill increase 
by only 78 students” (over the number enrolled 
in 1967, p. 16). The total expected increase be- 
tween 1960 and 1975 is about 12 percent, nnd 
falls well w'ithin the limits of our statistical pro- 
jections. The survey took into consideration land 
use infoimation, together with the history of the 
Leonia school system over the last generation, 
nnd what is referred to ns the “character” of the 
community. 

Other Grade Groupings 

Kindergarten.— lio concrete suggestions arc 
offered about how to make long-range projections 
for kindergarten. This is because tliere is consider- 
able variation in the prevalency of kindergartens. 
One school district may have all its 5-ycnr-olds 
enrolled in kindergarten while a neighboring 
district is still debating as to whether or not to 
open a kindergarten, nnd a third school district 
attracts only a fraction of its resident 5-year-olds 
to kindergarten. 



The problems of projecting future birth rates 
accurately enough for purposes of estimating 
kindergarten enrollment are loo uncertain to 
warrant <loiug so. Only shortrun projections, for 
a year or two ahea<l, are fea.sihle. Generally the 
local school district pei’sonnel can use their most 
recent e.xperience with kindergarten enrollment 
to make estimates for the inunediate future. 
If information is a\Miilable to the school district 
on numbei-s of births, or if a local census has been 
taken which provides the nund)ers of children 
under G years of age by .single years of age, such 
information can be combined with previous 
e.\perience to make the projections. 

Special grade groupings . — Some school di.s- 
tricts may enroll only pupils in grades 1 through 4 
orG, or sometimes 8. Othem may enroll pupils oidy 
in grades 0 or 8 or 9 tluough 12. There are a large 
variety of possible grade combinations, and we 
cannot specify precisely how each should be han- 
dled. The general idea consists of selecting out 
those ages which most nearly (it the specific 
grade groupings, and then treating the data in 
precisely the same way as was illustrated pre- 
viously in tables 45 and 4G. For e.xample, if a 
school district had oidy grades 1 to 8 inclusive, 
we should take the ages 5 to 14 inclusive and 
substitute that for the age group 6 to 17 as given 
in tables 45 and 4G. If the school district has only 
gnulcs 1 to G inclusive we should take ages 5 to 
12 inclusive; in this event it would probably be 
necessary to use the Sprague multipliers to esti- 
mate the ages 10 to 12 inclusive. 

Variant Two 

Procedures covering grades 1 through 12 

In the event that a school district’s boundaries 
do not correspond to recognized political lines, it 
can only use variant two, providing that it has 
school enrollment data for a significant period 
and has unchanging boundaries. School districts 
which can use variaixt one can also use variant 
two if they have locally available school enroll- 
ment statistics. The general idea consists of 
relating the nutnbere enrolled in public school in 
the local school district to the numbers enrolled 
in the county. The numbers enrolled in the county 
are then related to the number aged 5 to 17. 
Projections of the county population aged 5 to 
17 are then made ns variant one. The projected — 
for example, 1980 — county population in this age 
group is then converted to the numbers enrolled 



in public school in the county. From this latter 
figure we obtain the estimate of projected public 
school curolhnent in the local .school district. 
The sccpicncc of steps is as follows: 

1. Part 1 of table 47. In cohunu a enter the 
numbers aged 5 to 17 in the county, as obtained 
from the Decennial Census volumes for 1950 and 
19G0 (oi’ 19G0 and 1970). The source and pro- 
cedures are the same as in variant one. 

2. In column b enter the numbers enrolled in 
public, school in the county, grades 1 to 12 in- 
clusive, as determined from local school records 
for the same 2 years. 

3. Divide column b by column a to obtain the 
enrollment as a percentage of the population. 

4. Part II of table 47, projections to 1980. The 
projection.s of the county population aged 5 to 17 
are made e.xactly the same ns in variant one, nnd 
are shown in column a; these are based on data 
from three census periods. 

5. We need an estimate of ])ublic school enroll- 
ment in the county in 1980 as a i)crccnt of the 
population aged 5 to 17. Since most of the children 
are in public school in most districts, we arbitrarily 
assumed 90.0 percent to be the value for 1980. 
Actually, since in many school districts huge 
numbers of children attend private schools, judg- 
ment must be used in projecting the 1980 percent 
in public schools. Such judgment takes into con- 
.sideration the observed percentages for the yeare 
for which both population and public school en- 
rolhncut are available (1950 and 19G0 in table 47), 
and the fact that the percentage will not bo 
greater than 100. If the school officials feel doubtful 
about the 1980 percentage, two different per- 

Taiilb 47. — Procedures for converting pcotilalion, aged 6 to 
17, to mimbcrs enrolled in public schools, grades 1 lo IS, 
for counties, hypothetical data 



Scliool 

Number I’crccnt district Enroll- 

Part 1, past tlon aged In public enrolled onrollinciit meat In 

5-17 schools, b-fii ns percent scliool 
grades 1-12 of county district 

cnrollincnt 

(n) (b) (c) (d) ( 0 ) 



I960 70,000 01,000 87.1 

1000 00,000 79,000 87.8 



Part 1 1 , Colninn a Column b 

projections X X 

to 1980 eoluiim c column d 



Series 111 100,000 144,000 90.0 4.822 0,040 

Series III) 155,000 140,000 90.0 ' 4.822 0,760 

Series 10 115^000 104,000 90.0 4.822 5,010 

Series IIO 111,000 100,000 00.0 4.822 4,820 



centages can be inserted into the formula, one 
giving the largest percentage which is thought lo 
be possible, and the other, the smallest. The 
calculations described for column b would then bo 
carried out twice, once for each of the two 1980 
projected percentages. This will provide a range 
of ])rojected school enrollment in the county. 

G. Multiplying the data in column a by that in 
column c provides the projected munbere enrolletl 
in public school in the county in 1980, shown in 
column b. The alternative population projections 
(shown in column a) provide alternative enroll- 
ment projections. 

7. From table 48 we obtain the projected j)er- 
centage of the county public school enrollment 
which is in the local school district. This is entered 
in column d. 

8. The projected 1980 enrollment in the local 
school district is then obtained by multiplying 
the data in column b by that in column d, and is 
shown in column c, table 47, part II. 

9. Table 48 shows the calculations for projecting 
the percentage of the county public school cnroll- 
inent, grades 1 to 12, which the local school 
district is likely to have. The data in columns a 
and b come from local records. In the example 
illustrated, 1980 is the 2Gth year; at that date the 
school district is likely to contain 4.822 percent of 
the county’s enrollment. A straight line was fitted 
to the data in column c by means of procedures 
shown in appendix C. 

Table 48. — Procedures for projecting local school district 

enrollment from estimated county enrollment data, grades 

1 to 18, hypothetical data 







N limbers enrolled In 
public schools, 111 


V= percent 
enrolled In 
school 
district, 
b+n 


i 


Year 


County 


liocal 

school 

district 


V/ 




(ft) 


(b) 


(c) 


K' 


1055 


70,000 


2,800 


4.00 




1050 


71,600 


2,8tl0 


4.04 




1057 


72,000 


2,040 


4.08 


1058 


74,000 


3,050 


4.12 


r 


1050 

moo 


77,800 

70,000 


3,230 

3,300 


4.15 

4.18 




1001 


82,000 


3,450 


4.21 




1 no2 


82,500 


3,510 


4.25 


>' 1 
V, 


1003 


83,000 


3,550 


4.23 


1004 


84,000 


3,040 


4.33 




1005 


85,000 


3,000 


4.34 


K’ 


1000 - 


80, 600 


3,770 


4.36 


»(,:• 


1007 


88,000 


3,870 


4.40 




1 non 


88,000 


3,0)0 


4.43 


J V : 









Other Grade Groupings 

These arc Ircatcd for variant two in exactly tlic 
same manner as for variant one. 

Very Small School Districts 

These are defined as districts having under 
1,000 pupils in all grades ns of the most recent 
date. Actually many such districts have fewer 
than 100 students. Included in this veiy small 
category are the nonoperating school districts; 
general iy, they have too few children enrolled to 
warrant operating a se])arate school system nnd 
instead, pay a neighboring district to provide the 
schooling. 

Projections for these districts can be made 
using the procedures previously shown in tables 
45,.v4G, and 47. Actually, it is probably more 
realistic lo make ad hoc projections in terms of 
the local conditions as they arc known to the 
community. We can arbitrarily divide these 
districts into the following three classes: 

1. Those which have had a reasonably constant 
enrollment over the last decade, and the com- 
munity sees no ])rospects of drastic change 
between the present and the projection date, 
for example, between 19G9 nnd 1980. In such a 
case where, for example, enrollment fluctuated 
between 100 and 125 students, and the school 
oflicials see no prospects for change, the 1980 
])rojection can be taken simply as between 100 
and 125. 

2. Those districts which have had rather 
steady increases in enrollment over the last 
decade or longer, nnd the school officials have 
reason to believe that such increases will continue 
to the projection date. In such case n line can be 
fitted to the historical public school enrollment 
data and extra])olnted. As an example let us 
assume the following data for local school distiict 
XYZ: 



19.‘>.j 

1050 

19.57 

19.58 

1959 



98 1960 107 

100 1961 104 

99 1962 107 

102 1963 109 

105 1964 114 



1905 118 

1900 121 

1907 120 

1907 120 

1908 122 



Note.— Percent enrolled In scliool district: r«3.09-f.032.V {yarn 1055 to 
1008, orlRlil 1055). 

ProjcctlilB to 1080: -V«26 In 1080; 3.00+20 (.032)«4.822. 



Fitting a straight line by means of the procedures 
shown in appendix C, we have: y=94.23-f-l*97^ X 
(yearn 1955 to 1968 with origin 1955). Projection 
to 1980 (X=26) gives nn estimate of about 146 
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pupils to be enrolled nt that date. The community 
nnd school ofHcinls cnn now examine this statistic 
and evnlunte it in terms of nil other information 
nvnilnble about the possible future growth of the 
community. 

3. Those districts which have had rather consist- 
ent decreases in enrollment, and are likely to have 
further decreases. In this case exactly the same 
procedures suggested in step 2, are applied to ar- 
rive at nn estimate for 1980. In this case the value 
for b will be negative. 

Some districts may have mixed experiences nnd 
must be treated on nn individi.al basis. For 
example, a district may hnve hnd a constant en- 
rollment of between 175 and 200 students every 
year for the Inst 20 years; it is known, however, 
that a new factory will be built and the popula- 
tion cnn be expected to increase by about 60 per- 
cent over the next decade. In such an event, a pro- 
jection to 1980 can be made by arbitrarily in- 
creasing enrollment by 60 percent, or to between 
260 and 300 pupils. 

In the final analysis, j)rojecting the enrollment 
in very small school districts (including non- 
operating districts) involves judgment. There is no 
mechanical or statistical procedure which will 
automatically provide the “correct” projected 
number. All statistical projections must be 
evaluated judgmentally in light of all other in- 
formation available. 

Very Large School Districts 

These are defined as districts having 100,000 
or more pupils; there are only between 20 and 
26 such districts in the United States. It is' possible 
to apply the basic projection technique ns pre- 
viously described to such districts. Whether or 
not this will be satisfactory in any particulnr 
school district can be determined only by making 
the projection and then evnlunting it in terms of 
all other known factors. Since only a few moments 
are required to make the cnlculations, it is ad- 
visable to do so, whether or not the results finally 
are accepted or rejected. 

As a general rule, the Iniger the school district, 
the more reason there is foi' treating it in the snme 
way ns a State. The procedures described in 
chapters 6 and 7 for mnking State projections cnn 
be applied to large cities. The bnsic problems con- 
sist of: obtaining a distribution of single years of 
age by grade enrolled and by color (if tlu*; char- 



acteristic is desired); obtaining the 1980 (or other 
future date) age distribution. These two problems 
cnn be handled ns follows: 

Data showing the distribution by age and grade 
cnn be obtained from the Census Bureau’s Decen- 
uinl Census dnta. If the desired tabulation is not 
published, perhn|)s n specinl tabulation can be 
|)urchosed. If this should turn out to be not 
feasible, the school district cnn tabulate its own 
data to show the numbers by single years of age by 
single grades, and by color, if desired. This should 
be made for a Census year. From the published 
Census statistics the numbers by color in each 
single year of age in the total population cnn be 
obtained. If the data are shown only in 5-year age 
groups, Sprague multipliers can be used to obtain 
single years of age. Using the numbers in the total 
population and the numbers enrolled in each grade, 
the nge-grade matrix can be calculated, nnd then 
projected in exactly the same manner as for a 
State. 

The second problem, that of obtaining a future 
pojnihition projection, is more complicated. When 
mnking State enrollment projections, we relied 
on the State |) 0 |)ulatiou |)rojections made by the 
Census Bureau and regularly published. As of 
1968, the Census Bureau has not published 
population jrrojections for large cities, but is 
familiar with the procedures for doing so. Ac- 
cordingly, wo recommend that a school district 
official interested in obtaining projections for his 
district, discuss this question with Census Bumau 
personnel. A variety of ways are available for 
making the calculations, and the Census Bureau 
statisticans can advise him as to the best pro- 
cedures to apply to liis particular city. 

In some States, a central State office prepares 
population j)rojections for cities nnd sometimes 
counties. If this is not done, then the local school 
district personnel would hnve to prepare the 
projections. Whether it has the trained personnel 
and equipment needed to make such projections 
using the same general |)rocedures as those used 
by the Census Bureau, can be determined only by 
the individual local school board. The interested 
reader will find descriptions of the Census Bureau’s 
methods in its publication P-26, No. 376 included 
in appendix A, and in Population Estimates, 
“Projections of the Po|)ulation of the United 
States by Age, Sex, and Color to 1990, with 
Extensions of Population by Age nnd Sex to 2016,” 
Series P-25, No. 381, December 19, 1967; pp. 
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1— 50j find ill Population Estifnates, “SumiTUiry of 
Dcmogrniihic Projections,” Series P-25, No. 388, 
March 14, 19G8, pp 22-32, also included in 
appendix A. 

Boundary Line Problems 
Changing Boundary Lines 

The first requirement in innking iirojections is 
that the boundary Hues for the jirojection date, 
for example, 1980, are known. If boundaiy lines 
are subject to unpiedictable changes, and the 
local school district officials have no assurance 
regarding future boundaries, then there is no 
point in making a jirojection. If it is believed that 
jiresent (i.e., at the time of making the jirojection) 
boundaries will be unchanged at the projection 
date, and it is known that during the last several 
years there have been one br more significant 
boundary changes, then the school district has a 
problem which is generally solvable. 

Most school districts have boundaries which 
corresiiond to jiolitical boundaries. For such 
areas it is jiossible to obtain data on jiopnlation by 
age from the Decennial Census volumes. Therefore, 
knowing the jiresent boundaries of the district, 
it is often jiossible to reconstruct the population 
at jirevious Census jieriods for the identical 
Jiresent boundaries. This only involves locating 
the various geograjihic areas which comjirise 
the Jiresent district, and adding the Census data. 
Once having obtained the numbers aged 5 to 17 
at three successive Census dates, it is then jiossible 
to ajijily variant one of the Basic Projection 
Technique; if the district is very small, the 
modified version, as described under "Very small 
school districts,” can be used. If local school 
enrollment data are also available, then variant 
two also can be used. 

Nonconforming Boundary Lines 

If the public school enrollment data are avail- 
able, then variant two of the Basic Projection 
Technique can be apjilied. If this information is 
not available, then statistical projections are 
difficult to make. Under these latter circumstances, 
the local school district officials must have knowl- 
edge regarding the number of children living in 
their area. They will know the cuiTent number 
enrolled in the public schools by age and grade; 
indeed, this information may be available for a 
short number of years jmor, as well as the present. 
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The officials may not know how many youngsters 
who live within their school district area attend 
private schools; nor are they likely to have any 
statistical basis for making j)rojections using the 
formula shown in tables 47 and 48 (or any other 
statistical j)rojection formula). 

Two devices that can holj) the school officials 
in making judgments about j)ossible future 
enrollment are the taking of a local poj)ulation 
census, and the innking of a land use survey (see 
also chnj)ter 4). The former describes the demo- 
graj)hic situation as of the time of the census, and 
by containing informatiop on the numbers of 
j)reschool children by age, jiermits some estimates 
of j)ublic school enrollment ft) be made for the 
5 years following the date of the local census. 

A land use survey fundamentally consists of a 
series of judgments os to what may hapj)en in the 
community within the next several years, 10 or 
20 or more years, or whatever j)eriod the land use 
survey is designed to cover. Emj)loying informa- 
tion on the amount of land available for com- 
mercial or industrial vs. residential use, together 
with guesses as to how raj)idly j)eoj)le may move 
into (or out oO the community, judgments are 
made as to the j)ossible number of school age 
children at some future date. Combining this 
information with the data obtained from the local 
census which shows the division between j)ublic 
and j)rivate school enrollments, some guesses can 
be made as to future public school enrollment. 

Projections by Color 

Whether such j)rojections can be made dej>end 
in large measure on the availability of j)opulation 
and public school enrollment by color. Census 
projections of State population by age are avail- 
able by color for the States having large numbers 
of nonwhites; Current Pop^ilaiion Reports, Popu- 
laiion Estimates, “Revised Projections of the 
Population of States, 1970 to 1985,” (Series P-25, 
No. 375, Octobffl- 3, 1967) contains j)rojections 
of the nonwhitos by age only for States having 
250,000 or more nonwhites in 1960. Data are 
available by color for the larger cities from the 
census j)ublications. 

Variant one of the Basic Projection Technique 
can be aj)j)lied to the whites and nonwhites 
separately for any local school district for \Vhich 
census data by color can be obtained (and to which 
variant one is apj)licable). The techniques are 
identical to those described in tables 45 and 46. 
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If variant one cannot be used, then variant 
two can be applied, perhaps, if county and school 
district enrollments are available by color. In this 
case the procedures described in tables 47 and 48 
can be used. 



If data by color cannot be obtained, then we 
are forced to try to adapt the suggestions given in 
“Nonconforming boundary lines.” These include 
the taking of local censuses and the use of judg- 
ment in guessing at future enrollments. 
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APPENDIXES 



Appendix A 



CURRENT POPULATION ESTIMATES AND PROJECTIONS 
PROVIDED BY STATE AGENCIES AND THE 
U.S. BUREAU OF THE CENSUS 



We mentioned that the job of preparing pop- 
ulation projections was difficult and required more 
professional personnel and resources than most 
local school districts have available. Accordingly, 
we recommended that maximum use be made of 
the projections provided by the U.S. Bureau of 
the Census. In this appendix A, then, we are pre- 
senting extracts on the work of State agencies and 
the Census Bureau, and guides to the use of 
census data. 

We recommend that any State agency interested 
in making its own population projections should 
consult with Census Bureau personnel before 
undertaking the job. 

First let us distinguish between “current pop- 
ulation estimates” and “projections.” Complete 
counts of the population nationwide are taken 
eveiy 10 years and the results are published in the 
Decennial Census volumes. The last census — or 
count — was taken in 1960. Hence, any estimate 
for a year after 1960, but not later than the current 
year, as 1966, for example, is a “current population 
estimate.” A “projection” is an estimate for any 
year after the current year. In terms of this mono- 
graph, any year after 1968 is a projection. 

Current Population Estimates 

Detailed methodology on how a local community 
can make “current population estimates” is 
givai in Current Population Reports, Population 
Estimates, “Methods of Population Estimation: 



Part I,” Series P-25, No. 339, June 6, 1966, 
issued by the U.S. Bui'eau of Census, Washington, 
D.C. Subsequent reports are being prepared and 
will be available from the Census Bureau. If a 
local school district board of education is interested 
in preparing a current population estimate for 
its own use, the above mentioned report will be 
found highly useful. 

Information on the work of State and local 
agencies as of 1965 is presented in the census 
report. Population Estimates, “Inventory of State 
and Local Agencies Preparing Population Esti- 
mates, Survey of 1965,” Series P-25, No. 328, 
March 8, 1966. Excerpts from this report, in- 
cluding the names and addresses of State agencies 
making current population estimates, are giv^ 
in the following reference materials. 

Projections 

E.xcerpts from the basic methodology used by 
the Census Bureau in making State projections 
are given in the following reference materials. 
These are taken from Population Estimates, 
“Revised Projections of the Population of States, 
1970 to 1985,” prepared by Meyer Zitter, Series 
P-26, No. 375, October 3, 1967. This report 
presents State projections by age for each of the 
several series. Additional data and information 
for States are available from the Census Bureau. 

The Census Bureau has also prepared pro- 
jections on school enrollment, included in Popu- 
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lotion Estimates, “Summary of Demographic 
Projections,” Series P-26, No. 388, March 14, 
1968. These are available only for total United 
States and for public and private schools com- 
bined. Accordingly, they cannot be used for 
making State and local district public school 
enrollment projections. However, description of 
the methodology, as given in the following 
excerpts, will be of interest to the reader. {Table 
numbers ours.) 

Work of State Agencies ‘ 

Sources of Estimates 

In all but one State, North Dakota, some State 
agency reported making population estimates for 
counties or other local areas. In a number of 
instances, census counts rather llinn estimates are 
available. Thus, the State of Kansas takes a State 
census every year as of March 1. Massachusetts 
takes one in years ending in 6; the results of the 
last one, taken as of January 1, 1965, have recently 
become available. The Washington State Census 
Board counts the population in selected places and 
supplements these counts with estimates of the 
population of other cities and towns. The State 
of Rhode Island in 1965 contracted with the U.S. 
Bureau of the Census to conduct a special census 
covering the whole State. (See, Current Population 
Reports, Special Censuses, Series P-28, No. 1393.) 
In all other instances, the data reported here 
represent population estimates derived by various 
methods. 

As in earlier surveys, the State departments of 
health lead other types of statewide agencies in 
the preparation of local population estimates. 
Out of a total of 66 different State agencies mak- 
ing such estimates, 27 were departments of health. 
This is approximately the same number of State 
departments of health reported as preparing esti- 
mates in our earlier surveys. State universities 
are the second most important source of such 
estimates; 21 such agencies reported making 
population estimates. Ten of these were Bureaus 
of Business Research at State universities and the 
remainder were represented by Departments of 
Sociology and newly established Population Study 
Centers. Other types of agencies preparing esti- 
mates were: economic development commission 



I Source: U.S. Bureau of tho Census, pQptikdon E$tlmaU$f **Invontory of 
State and Local Agencies Preparing Population Estimate, Survey of 1005,'* 
Series P-25, No. 328, March 8, 1000, pp. 2-11. (Tobte number$ ours.) 



(6), employment security commissions (4), State 
planning commissions (3), and other agencies. 
These agencies include the State Ccnsu.s Boards 
in Oregon and Washington. (The Oregon State 
Census Board has recently been replaced by the 
Center for Population Research and Census at 
Portland State College.) In the State of California, 
lK>pulation estimation is the responsibility of the 
Population Research Unit in the Department of 
Finance. In Utah, an intoiigency committee has 
the responsibility for such estimates. 

Table A-1 below summarizes the sources of 
population estimates by type of agency prc])aring 
such estimates. The infonnation for each state 
is given in Table A-4. The results from the earlier 
surveys are also shown for comparative purposes. 
In general, the changes rejmrted over time are 
true representations of shifts in responsibility of 
preparing such estimates. It is quite possible, 
however, that the increase in the total number of 
agencies reporting work in this area since 1960 
reflects the more extensive coverage of the 1965 
survey. 

In 16 States, more than one agency is involved 
in population estimation work. This apparent 
dual responsibility may involve some duplication; 
at times it represents supplemental estimates by 
a second agency to meet its own specific needs, 
but overlapping responsibility does appear to be 
the situation in about 10 of these States. 

Methods Used 

The methods used by State agencies to make 
population estimates for local areas are sum- 
marized in table A-2. Explanations of the 
various methods listed are given in a later section 
of this report. 



Taulb A-1 . — State agencies making population estimates 
for local areas: Periodic surveys, 19/>6 to 1966 



Agoncy 


1966 


1060 


1067-68 


1066 


Total 


00 


67 


02 


40 


Dcpartniont of hoalth 


27 


27 


30 


31 


Stato university 


21 


10 


19 


0 


Bureau of business research 


10 


10 


16 


7 


Othor doportmont 

Planning commission or oconomie develop* 


11 


0 


4 


2 


mont agoncy 


0 


6 


3 


1 


Employment security ofllco 


A 


2 


4 


2 


Othor 


16 


7 


0 


3 



) Includes California State Department of Finance, Kansas State Board of 
Agriculture, Utah Population Coinmltteo, Washington Stato Census Board, 
and tho Oillce of the Secretary of tho Commonwealth of Massachusetts (cen- 
sus every 10 years). 
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Tadle A"2. — Methods med fry Stale agenciee to make 
population eetimates for local areas: Survey of 1965 



Method : 



Number 
0 / , 

agencies 



Agencies reporting, toliil 66 

Agencies preparing estimates of total 

population > 60 

State census 2 

Component method 34 

Bureau of the Census: Method II 15 

Age or grade progression 3 

Average of Method II and other methods. 4 

Other* * 12 

Composite method 5 

Bogue-Duncan 3 

Other variation 2 

Censal ratio method 10 

Simple 2 

Complex 8 

Vital rates 3 



Ratio-correlation 3 

Other 2 

Natural increase 

Arithmetic or geometric extrapolation * 

Other ^ 

2 



I Excludes three agencies Involved In supplementing the estimates of 
total population prepared by other agencies, and three agencies that havo 
not prepared estimates In this decade. 

* Includes net migration based on past trends (4); net migration based 
on other symptomatic data (3); Census Bureau Method 1 (1): and othor 
variations. 

More than half of the agencies preparing esti- 
mates of the total population of counties use some 
form of component method in which the primary 
components of population change, that is, births, 
deaths, and net migration are estimated separately. 
Included are methods in which net migration is 
hosed on current series of symptomatic data or 
simply on the extrapolation of past levels or 
trends. Component Method II, or an adaptation of 
the method, was the principal specific component 
method used, accounting for close to half of all 
the component method variants. 

The censal ratio method was the second most 
frequently cited method. Here, too, the sympto- 
matic data series used varies from State to State, 
with vital statistics being very frequently used. 
Three agencies use estimates based solely on nat- 
ural increase without any allowance for net migra- 
tion, and four agencies wore reported os using 
arithmetic or geometric extrapolation. These last 
methods are considered substantially less reliable 
than the other methods shown, in that they do not 
make use of any current indicators which may re- 
flect population change due to net migration. In 
only four instances was an average of the rasults 



of two or more nietliods'used, although niniiy of the 
single-technique estimates use more than one series 
of data to estimate either net migration or the 
distribution of total population among geographic 
areas. Recent studies conducted by the Bureau of 
the Census suggest that the averaging of the 
results of two or more independent methods of 
relatively the same level of accuracy tend to pro- 
duce estimates of lower average error than esti- 
mates produced by a single method. 

The assignment of the method to a particular 
classification is based on a description of the 
method provided by the local agencies. In this 
respect, then, there had to be a fair degree of 
guesswork in the assignment process. However, 
within broad categories, it may be possible to see 
to what extent techniques used by State agencies 
have changed in the 10 years since the first survey 
was initiated in 1955. Table A-3 below summarizes 
the results of the four surveys available to date. 



Table A-3. — Summary of methods used by Stale agencies to 
make population estimates for local areas: Periodic surveys, 
1966 to 1966 



Method 


1950 


1000 


1957-58 


1955 


Total 


00 


67 


02 


44 


State census 


2 


2 


2 


2 


Component method 


34 


24 


28 


17 


Composite method 


5 


0 


6 


... 


Censal ratio 


10 


14 


7 


3 


Natural Increase 


3 


4 


6 


7 


Proratlon 




3 


0 


6 


Extrapolation 


4 


4 


4 


8 


Other 


2 


. .. 


6 


2 



Classification of Methods 

The questionnaire asked each respondent to 
describe the methods used to prej)are estimates, 
including the kinds of symptomatic data and the 
particular way in which they were used. It also 
asked whether net migration was measured sepa- 
rately. This information w»': t'' classify 

each of the replies int^ i»ne methods listed bbl''w. 
A brief explanation of these methods is as follows. 

Component '/• rnigration-^md-Tiational-increase 
methods are th jse in whidi the components of popu- 
lation charge since the last census — that is, 
births, der.ths, and net migration — are estimated 
separatel; . 

In Goriponent Method II* of the Bureau of the 
Census, net migration is estimated on the basis of 
school « nrollment or school census data from the 
differen ,e between the actual population of ele- 
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inentary school age and the population of school 
age expected on the basis of the most recent 
Census and births since the census. (In Component 
Method I of the Bureau of the Census, the net 
migration rate for a given area is estimated, on the 
basis of school enrollment or school census data, 
as the difference between the percent change in 
the population of school age for the area and the 
corresponding change for the United States.) 

In other comix>nent methods, net migration is 
estimated in various other ways, such as the use 
of data on school enrollment for successive school 
years by grade {i\\a grade-progression method), the 
use of reported migration of previous decades, and 
other kinds of data, such as information on resi- 
dential utility installations and dwelling units. 

In the composite method* estimates of various 
age groups are derived separately and are then 
summed to secure a total for all ages. One method 
is to use age-sj)ecific deaths and death rates; 
another, developed by Bogue and Duncan,* uses 
death statistics to estimate ages 45 and over, 
birth statistics to estimate ages 18 to 44 and 
under 5, and Component Method II (see above) to 
estimate ages 5 to 17 years. Other variations of 
the composite method employ other combinations 
of “indicators” for various age groups. These 
methods permit the choice of those indicators 
best suited to a given age range and provide some 
age detail as a by-product. 

In the censal radio methods, current sympto- 
matic data are multiplied by the ratio of ]x>pula- 
tion to the same symptomatic datum at the last 
census for the area for which the estimate is being 
made. A variation of the method allows for a 
trend in this ratio between the census and the 
estimate date. Sometimes the initial estimates of 
population by the censal ratio method for the con- 
stituent parts of an area are adjusted so as to 
add to an independent estimate for the entire area. 
A censal ratio method may be simple, using one 



^Detailed descriptions of methods noted by on asterisk (•), os used by the 
Bureau of the Census, ore given in: U.S. Burcou of the Consu8» Curreni 
Populttiion Beports, Series P-25, No. 324, Jonnory 20, 1966, and No. 2D8, 
F^uory 12, 1965. 

tficc, Donald J* Bogue and Beverly Duncan, “A Composite Method for 
Estimating Postccnsol Population of Smoil Areas by Age, M, and Color,'' 
National Office of Vital Statistics, Vital Statistics^Specfal Beports, Vol. 
XLVII, No. 6 (August 24, 1959). 



indicator, or complex using two or more indicators. 
The vital rates method* is a ratio method in which 
two sets of estimates, based, respectively, on 
birth and death statistics, are averaged. The 
ratio-correlation method* is a censal ratio method 
in which the estimate is obtained by use of a for- 
mula for multiple regression between change in the 
proportion of the State’s population in a county 
and the change in a number of censal ratios for 
the last decade. The dwelling unit method* is yet 
another censal ratio method, in which the esti- 
mates of population are based on estimates of 
dwelling units. The latter, in turn, are based on 
data on building permits issued, or on data on 
electric, gas, or water meter connections. In 
this method, allowance mayor may not be made for 
the trend in the size of household in the area. 
Because of the lack of the necessary data to meas- 
ure changes in the number of dwelling units for 
rural areas, the method is generally limited to 
urban areas. 

The proration method involves the distribution of 
an estimated total for some large area among the 
constituent parts, as an independently estimated 
State total among counties, on the basis of the 
population at the last census or on the basis of 
current symptomatic data, such as school data, 
births, or deaths. This procedure implicitly assumes 
that the State’s population is currently distributed 
in the same proportion over the counties as at the 
last census, or that the ratio of population to the 
symptomatic item is the same for all of the coun- 
ties. (In this respect, the proration method differs 
from the censal ratio method. In the latter, the 
ratio of population to the symptomatio item is 
derived separately for each county.) 

Arithmetic extrapolation assumes that the yearly 
amount of population change in an area in the 
postcensal period equals the average yearly 
amount of change in the area in a recent past 
period — usually the most recent intercensal period. 
In geometric extrapolation, the average yearly rate 
of change is assumed to remain the same as in 
the past period. 

The natural increase method involves merely 
adding natural increase (births minus deaths) to 
the census figure. It assumes, therefore, that 
net migration since the last census equals zero. 
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A. 



state 



Table A-4. — Population estimates prepared by State agencies: Survey of 1965 
(Agencies reporting that they prepare populatioii ^^projections'* are noted by an asterisk (*). 



Nam^ and address ot agency Areas and detail available 
preparing estimates 



Method or types of data used Source and frequency 



Alabama 


... Bureau of Business Research* 
University of Alabama 
P.O. Bot KK 
University, Alabama 35486 


Counties 


.. Component— Method II 


. Published annually in Alabama 
Bu$ine$$, * 


Alaska 


. - - Research and Analysis Section* 
Employment Security Division 
Department of Labor 
P.O. Box 2661 
Juneau, Alaska 99801 


Election districts 


. . Component— Method II 


. Published annually In Current 
PoptUailon E$Hmatei—Ala$kat 
by EXeetion DieirieL 


Arizona 


... Arizona State Employment 


Counties (Cities irreguiariy 


Component— Est i m ate of net 


Published annuaUy In Aritona 




Service* 

1717 West Jefferson Street 
Phoenix, Arizona 85007 


upon request). 


migration based on dwelling 
units and State income tax 
returns. 


Basie Economic Bata. 


Arkansas 


.. . Bureau of Business and 
Economic Research 
College of Businc^ Research 
University of Arkansas 
Fayetteville, Arkansas 72703 


Counties 


.. Component— modi Aed Method II: 

1. Elementary and high school 
enrollment used 

2. Constant relationship 
assumed between migration 
rates for school ages and 
total population. 


Published annually in Arkansas 
Business Bulletin. 


Califiomia 


... Population Research Unit* 


Counties and cities, total 


Oountiei: Component— Grade- 


Published annually in Cali/brnia 




Department of Finance 
Sacramento, California 95814 


population only. State by 
age and sex. 


progression. 

Ckfei; Various methods, in- 
cluding dwelling unit, sample 
surveys, and enumeration. 


Population. 


Colorado 


... Colorado State Division of 
Accounts and Control* 
Room 1-10 

State Capitol Building 
Denver, Colorado 80203 


Counties and cities 


. Component— modiAed Method II.. 


. Published annually in The 
Colorado Year Book. 


Connecticut.... 


... Public He^th Statistics Section 


Counties and towns, total 


Component— Age-progression 


Published annually as a special 




State Department of Health 
79 Elm Street 
Hartford, Connecticut 06115 


population only. State by 
age and sex. 


using school census data. 


issue of IPkckfy Health Bulletin. 


Delaware 


... Bureau of Vital Statistics 
State Board of Health 
Dover, Delaware 19901 


Counties and Wilmington 
dty, by color. 


Arithmetic extrapolation 


Unpublished; prepared annually 
and available upon request. 


District of 


Delaware State Planning omce 
45 The Qreen 
Dover, Delaware 19901 


Counties and municipalities 


. Cenkl ratio— based on housing 
unit count obtained in State- 
wide field survey. 


Estimates now in preparation, 
will be revised and published 
at Irregular Intervals and 
available upon request. 


Biostatistics Section 


District of Columbia by age^ 


Composite— B ogue-D u ncan 


Published annually in Vital 


Columbia. 


Planning, Research, and 
Statistics Division 
D.C. Department of Public 
Health 

300 Indiana Avenue, N.W. 
Washington, D.C. 20001 


sex, and color. Statistical 
areas by age and color. 
Census tracts, total popula- 
tion only. 


method. 


Statistics Summary. 


Florida 


... Bureau of Economic and 
Business Research 
College of Business 
Administration 
221 Matherly HaU 
University of Florida 
QainesviUe, Florida 32603 


Counties 


. Average of two methods: 

1. Component— Method II 

2. Censal ratio— based on vital 
statistics. 


Published annuaUy In Popula- 
tion Bulletin Series, Economic 
Leaflets, and Buslruss and 
Economic Dimensions. 


Georgia. 


Division of Public Hoalth 
Statistics 

Florida State Board of Health 
Jacksonville, Florida 32201 


Counties by color 


. Component— migration based on 
past trends, adjusted to county 
totals of University of Florida 
(above). 


Published annually In Florida 
VUdl Statistics. 


... Biostatistics Service* 


Counties and cities of 2;500 and 


Component— adaptation of 


Published annuaUy as a 




Georgia Department of Public 
Health 

47 Trinity Avenue, 8.W. 
Atlanta, Georgia 30334 


over by color. State by age, 
sex, and color. 


Method II. 


separate release. 




Demographic Laboratory * 
Social Science Research Institute 
University of Georgia 
Athens, Georgia 30601 


Counties and cities of 5,000 and 
over by color and sex. 


Component— Method II 


Estimates now In preparation 
and wlU be published by the 
Bureau of Business Research, 
University of Georgia. 
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Table A-A.— Population estimates prepared by State agencies: Survey of 1966 Continued 



State 



nawall 



Idaho. 



Illinois. 



Indiana. 



Iowa.< 



Kansas. 



I 



Kentucky. 



Louisiana. 



Maine. 



Maryland 



Massachusetts. 



Name and address o( agency 
preparing estimates 



Areas and detail available Method or types ol date used 



Source and frequency 



Research, Planning, and Statistics 
Ofllce 

State Department of Health 
1250 Punch Bowl Street 
Honolulu, Hawaii 96S01 

Department of Planning and 
Economic Development* 

426 Queen Street 
Honolulu, Hawaii 90813 
Bureau of Vital Statistics 
Idaho Department of Health 
State House 
Boise, Idaho 83701 
B ureau of Statistics* 

Department of Public Health 
Springfleld, Illinois 02706 
Public Health Statistics* 

State Board of Health 
1330 West Michigan Street 
Indianapolis, Indiana 46203 
Division of Vital Statistics 
State Deportment of Health 
Des Moines, Iowa 60310 
Kansas State Board of Agriculture 
State Ofllce Building 
Topeka, Kansas 66612 



Division of Vital Statistics 
State Department of Health 
State Oflloo Building 
Topeka, Kansas 66612 



Department of Sociology* 
University of Kentucky 
Lexington, Kentucky 40500 



D i vision of Planning, Research, 
and Statistics 

Kentucky Department of Health 
275 Fast Main Street 
Frankfort, Kentucky 40601 
Tabulation and Analysis Section 
State Board of Health 
New Orleans, Louisiana 70160 
Division of Research and Vital 
Records 

Department of Health and Welfare 
State House 
Augusta, Maine 04330 



.. Divisionof Statistical Research 
and Records* 

State Department of Health 
301 West Preston Street 
Baltimore, Maryland 21201 
.. Office of the Secretary of the Com- 
monwealth 
State House 

Boston, Massachusetts 02133 

Bureau of Research and Statistics 
State Department of Commerce 
and Development 
150 Causeway Street 
Boston, Massachusetts 02114 



Civilian population, counties, 
islands, and cities of Hilo and 
Honolulu. Honolulu by 
census tract. 

Resident population for above 
areas. 

Counties 



Counties and cities of 10,000 
and over. 

Counties and cities of 6,000 and 
over. 

Counties and cities of 10,000 
and over. 

Counties, cities, ami townships. 



State by age, sex, and color. 
Counties and selecte<l cities 
by age and sex. 



Counties. 



Counties and cities of 10,000 
and over, by color. 



State by ago and color. Parishes 
and cities of 10,000 and over 
by color 

Counties 



Counties by ago and color. 



Counties, cities, and towns by 
age and sex. 



Counties and cities. 



Component— migration based on 
passenger statistics. 



Estimates based on above plus 
data obtained on Armed Forces. 



Natural increase method. 



Component— natural increase 
with migration based on 1950- 
60 trend. 

Average of Method II and consal 
ratio based on vital statistics. 



Component— modified Method U 

Annual enumeration by county 
assessors. 



Totals from State Board of Agri- 
culture (see above) age, sex, 
and color based on a combina- 
tion involving the use of school 
enrollment, age<fipeciflc death 
rates, and an estimate of net 
migration. 

Average of four methods: 

1. Censalratio— based on vital 
statistics. 

2. Component— Method II. 

3. Ratio correlation-based on 
school census, vehicle regis- 
trations, and vital statistics. 

4. Hamllton-Perry ratio 
projection. 

Censal ratio— based on vital 
statistics. 



Natural Increase method. 



Average of two methods: 

1. Censalratio— based on vital 
statistics. 

2. Component— natural in- 
crease with migration im- 
plicitly assumed in adjust- 
ment to State total. 

C omposite-Bogue-D uncan 

method. 



State census on January 1, 1965... 



Data on migration, natural in- 
crease, and new family accom- 
modations used. 



Published semiannually in 
mated Cfriflan POpufoflon of 
the State of Hawaii tu Oeo- 
ffraphic Area. 

Published semiannually hi 
Statietkal Report, "The Pop- 
ulation of Hawaii.*' 

Published amiualiy \w Annual 
Report. 

Published annually In Vital 
Statistics— Special Report 
Series. 

Published annually os a 
separate release. 



published annually In "Sta- 
tistical Supplement" of the 
Biennial Report. 

Published annually In Kantas 
Directory of Government 
Officials, and by State De- 
partment of Health in Annual 
Summary of Vital Statistics. 
Unpublished; prepared at ir- 
regular intervals and available 
upon request. 



Published annually os a special 
report of the Kentucky 
Agricultural Experiment 
Station. 



Published annually in Vital 
Statistics Report. 



Published annually os a sta- 
tistical report of the Division 
of public Health Stotistlcs. 
published annually in Vital 
Statistical Report. 



Published annually in Final 
Vital Statistics Tables, 
haaryland. 

State census taken decennially 
in years ending in "6.** Latest 
census published in The Decen- 
nial Census, 1965. 

Unpublished; prepared at ir- 
regular intervals and av^lable 
upon request. 
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Table A-4 . — Population e^iimaUz prepared by State agencies: Survey of 1966 — Continued 



State Name and address of ageney Areas and detail avattabte Method or types of data used 

preparing estimates 



Mlelilgan 



Minnesota 



Mississippi. 



Missouri 



Bopuiation Studies Center* Counties Ratio correlation— multiple re* 

University of Miehigan gression equation using births, 

527 East Liberty Street auto registrations, sales tax, 

Ann Arbor, Miehigan 48103 sehool eensus data, etc. 



Health Statistics and Evaluation 
Center 

Miehigan Department of Health 
3500 North Logan 
Lansing, Miehigan 4S914 
Seetlon of Vital Statistics* 
Department of Health 
350 State Olhee Building 
St. Paul, Minnesota 55101 
Division of Soeiology and Rural 
Life* 

Mississippi State University 
State College, Mississippi 39762 
Statistleal Serviees 
State Department of Health and 
Welfare 

State Olhee Building 
Jefferson City, Missouri 65102 



Cltlesof2,500 and over Component— County not migra* 

tion (per above) apportioned to 
eitles and **baloneo of county.'* 



Counties. 



Composite— Bogue-Duncan 
method. 



Counties by color Censal ratio— based on vital statis- 

tics. 



Counties and selected cities Component- natural increase with 

net migration based on 1950-60 
trend. 



Counties and seleeted cities 



Researeh Center* Counties and selected eities Natural inereaso method. 

Sehool of Business and Public Ad- 
ministration 
iTnIversIty of Missouri 
Columbia, Missouri 65202 

Montana Division of Records end Statistics Counties Component— Method II.. 

State Board of Health 
Helena, Montana 59601 

Nebraska Bureau of Business Research 

310 Social Science Building 
University of Nebraska 
Lincoln, Nebraska 68503 

Nevada. Bureau of Business an d Economic Counties. 

Research* 

College of Business Administra- 
tion 

University of Nevada 
Reno, Nevada 89507 

New Hampshire.. Division of Economic Security 

Department of Resources and 
Economic Development 
State House Annex 
Concord, New Hampshire 03301 



Counties, cities, and towns. 



Ratio-correlation- based on school 
census, number of votes cast, 
drivers licenses, vital statistics, 
and head tax. 

Censal ratio— based on school 
enrollment. 



Composite— based on school 

census and State head tax data. 



Department of Employment Counties Based on work-force statistics. 

Security* 

32 South Main Street 
Concord, New Hampshire 63301 



New Jersey Division of Resource Develop- Counties and all Incorporated Ratio-correlation— based on vital 

ment* municipalities. statistics, dwelling units, news- 

Department of Conservation and papers, and migration trends- 

Economic Development 
Bureau of Commerce 
Research and Statistics Section 
P.O. Box 1889 

Trenton, New Jersey 08625 

Bureau of Public Health Statistics 
Department of Health 
Ho^th-Agriculture Building 
John Fitch Plaza— P.O. Box 1540 
Trenton, New Jersey 06625 

New Mexico Bureau of Business Research* 

University of New Mexico 
1821 Roma Street, N.E. 

Albuquerque, New Mexico 87106 



Counties and cities of 50,000 Arithmetic extrapolation 
and over. 



Counties Censal ratio— based on school 

data, vital statistics, and 
other data. 
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Source and frequency 



Published amiually as a separate 
release by the State Depart- 
ment of Health and available 
upon request. 

Same as above. 



Published annually os a separate 
release. 



Published annually as special 
bulletins of the Agricultural 
Experiment Station, Missis- 
sippi State University. 

Published annually In a special 
issue of monthly Utalih* 



Unpublished; prepared annually 
and available upon request. 



Published annually in StaiUiical 
Supjpltmtnt and as a separate 
release. 

Published annually in Business 
in Nebraska, 



Unpublished; prepared at ir- 
regular Intervals and available 
upon request. 



Prepared at irregular intervals 
and available upon request. 



Prepared and published at ir- 
regular intervals. Estimates for 
1964 published in Economic 
Changes in New Hampshire 
Counties in I9S7 ta 196$. 

Published annually In research 
report. New Jersey PopulatiOK 
Estimates t96~. 



Published annually .in New 
Jersey Health Statistics. 



Published annually In special 
Issue of Business Information 
Series. 
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Table k-A.— Population estimates prepared by State agencies: Survey of 1965- Continued 



state 



O 

ERIC 



Nome oiul address of agency 
preportng estimates 



Areas and detail available Method or types of data use d 



Source and frequency 



New York Ofllceof Blostatlstics 

New York State Department of 
Health 

84 Holland Avenue 
Albany, New York 12208 



North Carolina... Public Health Statistics Section 
State Board of Health 
P.O. Box 2Wl 

Rolelgh, North Carolina 27602 
Department of Rural Sociology* 
University of North Carolina 
P.O. Box 5428 

Roleigh, North Carolina 27607 

North Dakota 

Ohio Economic Research Division* 

State Development Department 
Box 1001 

Columbus, Ohio 43210 



Counties and cities of 10,000 
and over. State and New 
York City by age and sex. 



Published annually In A/onfAfy 
Vital SfafMIci UtvUw and 
.dnnuaf Sfafhficaf UtporU 



Counties ond cities of 10,000 
and over by color. 



New York City: See table 2. 

ATomou, Suffolk, and WeftchooUr 
CountU$: Consal ratio— based 
on utility data. 

All olhtT countia and citU$: 

Component— natural Increase 
with net migration based on 
1950-60 trends. 

Age and sex: Cohort survival. 

Arithmetic cxtropolotlon Published onnuolly In a separate 

Vital Sfafisfici Report. 



Counties Component-Method If Estimates now In preparotlon. 



Counties, cities, villages, stand- 
ard metropolitan statistical 
areas, and economic regions. 



Component— natural Increase 
with net migration based on 
1950-60 trend and other factors 
for evaluating change In trend. 



Oklahoma Bureau of Business Research* 

University of Oklahoma 
Norman, Oklaltoma 73069 

Oregon Center for Population Research 

and Census* 

Portland State College 
P.O. Box 751 
Portland, Oregon 97207 
(Replaced State Board of Census) 

Pennsylvania Research Section* 

State Planning Board 
QovemoPs Omce 
Harrisburg, Pennsylvania 17120 
Rhode Island . Rhode Island Development 
Council* 

Roger Williams Building 
Hayes Street 

Providence, Rhode Island 02908 
South Carolina... Bureau of Vital Statistics 
State Board of Health 
Columbia, South Carolina 29201 

South Dakoto Division of Public Health Sta- 

tistics* 

State Department of Health 
Pierre, South Dakota 67501 



Counties and cities of 2,500 
and over. 



Countia: Component— Method 
II. 

Cifiei: Censal ratio— based on 
gas meter connections. 

Counties and cities.... Coun««; Component-Method H. 

Citia: Censal ratio— based on 
dwelling units and enumeration 
of some areas. 



No estimates reported. 

Estimates for counties and 
cities published semiannually; 
for villages, annually In Pop- 
ulation EstimaUo for Ohio, 
Series A and B. 

Published annually In the Sta- 
tiotieal Abotract of Okiahoma. 



Counties and selected cities 
and borouglis. 



Censal ratio— based on vital 
statistics. 



Counties, cities, and towns Bosicolly a nonstandordized, com- 

posite method. 



Published annually In Popula- 
tion EHimateo of Countieo and 
Incorporated Citiee of Oregon, 



Unpublished; prepared annually 
and available upon request. 



Prepared at Irregular Intervals 
and available upon request. 



State by age, sex, and color. 
Counties and cities of 10,000 
and over by color. 



Arithmetic extrapolation— ad- 
justed by percent change In 
births since preceding year. 



Published annually In the st.v 
tlstlcal supplement of The 
Annual Report of the State 
Board of Health, 

Counttes - . Component-Method II Published onnually In Special 

Report Series, “South Dakota 

Population Changes by 
County.** 



Tennessee BllSreau^IBLness and Economic Countlesby sox and color Component Method II ^^e”utor*?ntoval^''*'* ** 

Research* 

College of Business Administra- 
tion 

University of Tennessee 
Knoxville, Tennessee 37916 

Texas Population Research Center* 

Department of Soclolog y 
University' of Texas 
Austin, Texas 78712 

Department of Agricultural 
Economics and Sociology* 

Texas A and M University 
College Station, Texas 77843 

Utah Utah Population Committee* 

Department of Employment 
Security 

174 Social Hall Avenue 
Salt Lake City, Utah 84110 

.Aspeclalconsusof the entire SUt. was takonbytboBureauoItho census under contractwlththcStalo. Results are published by the Burcauof the census 

In Current Population Reporte, Series P-28, No. 1393. 



Counties and SMSA’s Basic methods: Published ■ 

1 Component— variation of Bureau ol Business Research , 

Method 11. University ol Texas, In Texas 

2. Censal ratio-based on vital Business RevUws. 
statistics ond passenger car 

registration. , ^ , 

'isiKSTd''."!. 

able upon request. 

Counties Componont-arndo-progrosslon... Published annunUy by the 

counties Bureauof Business Research, 

University of Utah, In the 
April Issue of Utah Economic 
and Buiineee Review, 
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Table A-4. — Population estimates prepared by State agencies: Survey of 1965 — Continued 



State 


Name and address of agency 
preparing estimate 


Areas and detail available 


Method or types of data used 


Source and frequency 


V ermont 


.. Division of Public Health 


Counties, total population 


Composite— based on vital 


Unpubltshiid; prepared annually 




Statistics 

Department of Health 
115 Colchester Avenue 
Burlington. Vermont 05401 


only. State by age. 


statistics, school enrollment, 
and 1940-60. 1950-60 trends. 


and available upon request. 


Virginia 


.. Bureau of Population and 


Counties, cities, and towns of 


Component— migration based on 


Published annually as a separate 




Economic Research* 
University of Virginia 
Charlottesville, Virginia 22903 


2,500 and over. 


school enrollment. State In- 
come tax returns, and 1950-60 
trend. 


release. 




Virginia Employment Commission 
P.O. Box 1358 
Richmond. Virginia 23211 


Standard metropolitan 
statistical areas, 
counties, and cities. 




. Estimates now In preparation. 


Washington 


.. State Census Board* 

102 Outhrle Hall 
University of Washington 
Seattle, Washington 98105 


Incorporated towns and cities. . 


. Annual enumeration of approxi- 
mately 100 cities and towns; 
remainder estimated using 
dwelling unit data. 


Published onnually In Popula- 
tion Trends— Citiee and Towns— 
StoU of Washinoton—t9S0 to 

m-. 




Public Health Statistics Section 
State Department of Health 
Public Health Building 
Olympia, Washington 98502 


Counties 


. Estimates for counties based 
on city trends shown by above 
agency. 


Unpublished; prepared annually 
and available upon request. 


West Virginia... 


.. Department of Sociology 
Agricultural Experiment Station 
West Virginia University 
Morgantown, West Virginia 20500 


Counties 


. Component— Agc-progresslon 


. Released annually by the State 
Department of Health. 


Wisconsin 


.. Bureau of Vital Statistics 
State Board of Health 
State Office Building 
Madison, Wisconsin 53702 


Counties and selected cities by 
age and sex. 


Component— Method IT 


Published annually In Public 
Health Report. 




Department of Rural Sociology 
University of Wisconsin 
Madison, Wisconsin 53706 


Counties 


. Various methods Including 
arithmetic extrapolation, 
Hamllton-Perry method, and 
ratlo^rrelatlon. 


Prepared at Irregular Intervals 
and released as special de- 
partmental publications. 


Wyoming 


.. Division of Business and Eco- 
nomic Research 
College of Commerce and 
Industry 

University of Wyoming 
Laramie. Wyoming 82071 


Counties 


. Censal ratio— based on vital 
statistics, school enrollment 
data, auto license registration, 
and drivers license registration. 


Prepared and published at 
irregular Intervals. 



Methodology for State Projections® 

General 

The methodology and underlying assumptions 
used to develop these State projections are similar 
to those used in developing the earlier State 
projections published in report No. 326. Each of 
the components of population change — births, 
deaths, and interstate and international migra- 
tion — was projected separately. A single set of pro- 
jected mortality rates was used for all States, but 
alternative assumptions relating to national 
fertility and interstate migration were introduced 
in order to provide a reasonable range of projected 
population for each State. A fundamental charac- 
teristic of the projections is the separate compute- 



3 Source: U.S. Bureau of the Census, Population E$ttmate$, **Revlsed 
Projections of the Population of States, 1Q70 to 1985," Series P-25, No. 375, 
Oct. 3, 1967, pp. 8-*13. (Table numbere ours.) 



tion of gross out- and in-migration to derive net 
migration, as opposed to the more common prac- 
tice of working directly with net migration. 

Basically, the projections start with the esti- 
mates of the total population of States for July 1, 
1965, published in report No. 348 of this series. 
Since the 1965 State figures were not available by 
detailed age-sex-color groups, operationally, the 
computations start with the April 1, 1960, Census 
data for each State, by age, sex, and color, and 
are carried forward to 1965 on the basis of sepa- 
rate projections of each of the components of 
change, also by age, sex, and color. At this point, 
the projections are forced into agreement with 
the estimates of the population of States, by 
broad age groups, for July 1, 1965, given in report 
No. 354. The adjusted projections for July 1, 
1965 (which are now consistent with the current 
estimates), are then carried fonvard by 5-year 
periods to each projection date on the basis of 



the assumptions chosen concerning future births, 
deaths, and migration. 

All told, four main series of projections are 
shown — that is, two assumptions concerning fu- 
ture interstate migration combined with two levels 
of fertility, labelled Series I-B, I-D, II-B, and 
II-D. The Roman numerals relate to the migra- 
tion assumption; the letters designate the national 
fertility series incorporated in the projections. 
The underlying assumptions for each series can 
be broadly summarized as follows: 



Series 


Interstate migration assumption 


National fertility 
assumption 


I-B 


Migration rates will continue within 


Moderate Increase 


the range observed In 1955-dO and 


from present levels. 


t— Tl 


1960-65. 


Continued decline 


1 — 1 ^- ...... 

II-B 


.. Migration rates will change from re- 


from present levels. 
Same as I-B. 




cent levels so as to result In no net 
migration among States In 50 years. 

Qorn A M II— B 


Same as I-D. 


L kJ . 







The methods and assumptions used to derive 
the various projection series follow: 

Projections of Births 

Even at the national level, the number of births 
for future years cannot be projected with a high 
degree of certainty. Because of the wide range of 
reasonable possibilities in the future course of 
fertility, the national population projections report 
(Series P-25, No. 359), includes a number of al- 
ternative fertility levels based on different as- 
sumptions. Four principal series were developed to 
describe the future course of fertility. In the pro- 
jection of births for a given State for future years, 
the elements of uncertainty existing at the national 
level still prevail; nonetheless, in terms of overall 
fertility, the factors determining changes in future 
national fertility are not believed to have an ap- 
preciable impact on the fertility differentials 
already existing among the States. Consequently, 
the approach here for State projections of fertility 
is not one of determining the future course of 
fertility in each specific State, but, rather, of 
distributing the previously projected national 
number of births to the State on the basis of some 
reasonable criteria. The main elements used to 
distribute the national projections of the number of 
births are: (a) the size of the female population of 
each State in the childbearing ages, and (b) each 
State’s recent level of overall fertility (births per 
1,000 women 15 to 44 years old) in relation to 
national levels. 



For present purposes, two of the national series 
of fertility projections, Series B and Series D, 
were chosen. Fertility rates (defined here as the 
number of births per 1,000 women in the ages 15 to 
44 years) for each State were computed for a 3- 
year period centered on April 1, 1960. The cor- 
responding national rate for that period was also 
computed. Using the 1960 relationship of the State 
rates to the national rates (referred to hereafter as 
the State-national ratios) as starting points, it was 
assumed that the State-national ratios would 
reach unity in 50 years. It is assumed, in effect, 
that the factors producing State differences in 
fertility wll gradually disappear and that, in 
approximately 50 years, the fertility rates for all 
States will be equal to the national rate. 

The State-national ratios for the years inter- 
mediate between 1960 and 2010 were obtained by 
linear interpolation. State fertility rates for each 
projection period, 1960—65 to 1980-85, were 
derived by applying the projected State-national 
ratios to the previously computed national 
fertility rates for these periods (Series B and 
Series D, separately). These projected fertility 
rates for States, multiplied by the projected 
number of females 15 to 44 years of age, yield 
projections of the number of births for each 
State for each period. The projected number of 
females 15 to 44 years old for each State had been 
derived as part of another stage of the projections, 
by carrying forward the 1960 population using 
age-specific mortality and gross interstate migra- 
tion rates. Births projected for each State for each 
5-year period were then summed, and adjusted to 
add to total births from the national projections. 
Series P-25, No. 359. The computations described 
were carried through for the white and nonwhite 
population separately. 

The national fertility rates by color used here ^ 
bases in computing the State rates are shown in 
table A-5. 

Table k-h.— Projected ferlilily rates, by color: 1960-66 to 

1980-86 

Average annual number of births per 1,000 females 15 to 44 years of age, lor 
AYorago mlddateol each period) 



Period 




Series B 




Series D 




All 

classes 


White 


Non- 

white 


AU 

classes 


White 


Non- 

white 


1960-65 


... m.5 


106.0 


151.9 


111 A 


106.0 


151.9 


1965-70 


100.4 


95.2 


136.5 


88.4 


84.2 


118.2 


1970-75 


... 111.3 


105.9 


147.5 


83.6 


80.1 


107.1 


1975-80 


... 115.4 


109.9 


150.7 


85.4 


82.2 


106.4 


1980-85 


... 113.9 


108.5 


147.5 


86.4 


84.3 


106.2 



o 
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Projections of Death 

One set of age-sex-color-specific mortality rates 
was used for all States for all series in tlic projec- 
tions. Tl\e projected rates are consistent with those 
developed for and used in the new national popu- 
lation projections presented in Scries P-26, No. 
369. Rates for each 6-year projection period were 
obtained by linear interpolation between the rates 
by age, se.\, and color observed in 1962, and those 
projected for the period 2000-2006, also by age, 
se.x, and color, for the national projections. To 
assure exact agreement between these projections 
and the new national projections, the projected 
numbers of deaths for States for each 5-year period 
were summed and adjusted to agree with the num- 
ber of deaths developed in the national projections 
also by age, sex, and color. The rates for the period 
2000-2006 ore consistent with the ‘‘high” mor- 
tality rates for the year 2000 developed in 1957 
by the Social Security Administration.^ For a 
general discussion of the underlying logic behind 
the mortality assumptions, see report No. 369; 
report No. 286, the previous detailed report of 
national projections, contains a more detailed 
discussion wliich is still generally applicable. 

The use of only one set of age-sex-color — specific 
mortality rates is not intended to deny that 
State differences in mortality exist. It is believed, 
however, that allowing for the actual State 
differences in mortality would have very little 
impact on the present population projections. 

Projections of Migration 

General . — Interstate migration was projected 
by treating gross out- and gross in-migration 
separately, with net migration obtained as the 
difference between these components. (Separate 
computations were made for net immigration from 
abroad.) This is the same procedure used in the 
previous set of State projections published in Series 
P-26, No. 326. The more conventional approach is 
to project rates of net migration. The use of gross 
migration data is more logical in that at the outset 
total interstate in-migration is dependent upon and 
equal to total interstate out-migration; by con- 
trast, the use of net migration rates quite often 
results in serious imbalances between total net 
in-migration and net out-migration, which are 
difficult to resolve. 



‘ Social Security Administration, IHuilrattce United State* Population Pro- 
JectioMf by T.N.E. QrevHtc» Actuarial Study No. 46, May 1957. 



The conventional procedure in using net 
migration rates for projections is to assume the 
continuation of past trends, and to multiplj’ the 
projected rates by the population at the beginning 
of each projection period to determine the amount 
of projected net migration. Under these con- 
ditions the in-migration States automatically 
receive larger and larger numbers of in-migrants, 
while the remaining States are forced to provide 
unreasonable numbers of cut-migrants, since the 
base population in the latter States becomes a 
smaller and smaller proportion of the national 
population as a result of out-migration. Thus the 
sums of net in-migration and net out-migration 
become seriously unbalanced, and the computed 
net migrations require progressively larger adjust- 
ments to balance them out to zero (or to a national 
control total representing net immigration from 
abroad). 

These considerations suggested the use of 
gross migration rates. Pertinent migration statis- 
tics are available by States for only three periods, 
the most recent being the 1966-60 period. In the 
1960 Census, a specific question was asked con- 
cerning the State of residence in 1966, thus 
providing information for all States on surviving 
in-migrants and out-migrants, by age, sex, and 
color. 

In tills report the rates of gross out-migration 
observed during the 1965-60 period (by 5-year 
age groups, sex, and color) were multiplied by 
the population at the beginning of each quin- 
quennial period to determine the total number of 
out-migrants for each State for each 5-year 
period. These were summed to obtain a national 
total for each 5-year period, and then allocated 
to the States as in-migrants (again by age, sex, 
and color) according to the proportion of national 
interstate in-migration each State received during 
the 1966-60 period. Under this procedure, the 
sum total of net interstate migration for all 
States is zero. The difference between a State’s 
contribution to the gross number of out-migrants 
and the number it receives os in-migrants rep- 
resents net interstate migration for the State. 

Unlike assumptions of continuing net migration 
rates, this procedure avoids automatic increases 
in the number of net migrants of gaining States. 
As the population base of a State grows in any 
age-sex-color group, it contributes more persons 
to the migration pool. The number of in-migrants 
it receives, however, represents a constant pro- 
rtion of migration pool and is unaffected, or 
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affected very little, by the changing size of its 
population. As its out-migration share glows, its 
net migration tends to become smaller. 

The overall annual gross migration rate implied 
by the projections is relatively constant at about 
3.3 percent throughout the projection period, 
consistent with the general stability of this rate 
as observed annually over the past 17 years in 
the Current Population Survey.® The consistency 
of this rate during the projection period is to be 
expected for Series I — discussed in paragraph 2 
l,eiow — since this series assumes a continuation 
of the age-sex-color migration rates of the recent 
past. Even, however, under Series II — discussed 
in paragraph 3 below — where the state migration 
rates are assumed to change, the overall inter- 
state migration rate remains similar to that of 
Series I. 

Migration Series /. — For this series the coin- 
putation of gross migration described above is 
carried out by age, sex, and color assuming that 
the gross out-migration rates and the in-migration 
distributions of the 1955-60 period will remain 
constant throughout the projection period. How- 
ever, an adjustment is introduced (see paragraph 
b. (page 77)) to allow for net migration observed 
during the period 1960—65 as reflected in current 
estimates of State population. 

Migration Series //. — In Series II, it is 
assumed that the gross out-migration rates will 
converge toward national levels. At the same 
time it is assumed that the in-migration distribu- 
tion will converge toward the State population 
distribution. In effect, then, whereas Series I holds 
the 1955-60 rates constant. Series II assumes a 
trend in the rates. In seeking an alternative 
assumption, consideration was given to the possible 
ways in which out-migration rateJi and in-migra- 
tion distributions could be modified. In reviewing 
the various possibilities, it was concluded from 
the historical evidence, as indicated earlier, that 
there is little prospect that the national rate of 
interstate migration will disappear in the future. 
Some equilibrium in net migration may be reached, 
however, if economic opportunities and other 
social and economic differentials among the States 
tend toward equality. 

Thus, the assumption adopted for Series II 
is that State migration differentials wdll gradually 
be reduced, and that at some point in time 



(approximately 50 years), the number of persons 
migrating from a State will be offset by an equal 
number of jiersons moving into the State, thus 
providing zero net migration for each State. This 
alternative migration assumption requires some 
change from current gross migration rates during 
the projection period. 

To achieve tliis equilibrium of migration, it 
was assumed that at the terminal iioint, 50 years 
hence, the total number of out-migrants and in- 
migrants will each be distributed in proportion to 
the population of the States. Thus, a State with 
10 percent of the population of the country will 
contribute 10 percent of the total interstate mi- 
gration pool (out-migrants) and mceive in turn, 
10 percent of the migration pool as in-migrants. 

Operationally, the rates for Series II were 
obtained by interpolating between (1) the 1955-60 
out-migration rates by age, sex, and color for 
each State) and (2) national interstate rates by 
age, sex, and color, so that by the period 2005- 
2010, the out-migration rates for all States are 
equal to the national averages. Interpolated values 
for intervening periods are then a function of 
time. For example, convergence becomes halfway 
complete in half the time, in other words after 
25 years. 

Symbolically, the series for a specific age-sex- 
color group is derived as follows : 

out-migration rates in State! 

p,= population at beginning of period in State i 
total population of the United States 
(sum of States) at beginning of period 

jl^jPjsssnumber of out-migrants from State i 
during specific quinquennium. 

Then: 

SM<P<=sum of out-migrants from all States 
for specific period 

?Ml^=national interstate migration rate for 
period. 

The assumption under Series II is that in 50 years, 
for each State, 

MjPi Pi 

SM,P, 2P, 



2M,P. 

Thus, M<=- ^p — 

For any given 5-year period, the out-migration 
rate is derived from fc(M<)+(l— fc) ' > 



* Current Population Reportt, Series P-20, No. 156. 
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where k is computed proportionate to time. To 
illustrate, for the 1960-65 period, (A) equals 0.95; 
in 1980-85, (A) equals 0.55. Thus, by the year 
2010, {k) equals 0 and the State out-migration 
rate is equal to the national rate.® 

Similar computations were carried through for 
the in-migration distributions; that is, for each 
period of time, the interpolation was made be- 
tween the percentage of in-migrants that a State 
received in the 1955-60 period and the percentage 
of migrants it would receive proportionate to its 
population. Here, too, the interpolations were 
made proportionate to time, so that in 50 years 
the percentage it would receive as in-migrants 
from the interstate migration pool would be the 
same as its share of the national population. 

Migration assumption II, as compared to 
assumption I, has a more moderating effect on the 
projected redistribution of ix)pulation. States 
growing well above the national average are 
slowed down in their rates of growth as gains 
through migration exchanges with other States 
are reduced. Correspondingly, States with heavy 
out-migration begin to receive migrants at a 
faster pace because of reduction in their contri- 
bution of out-migrants and of increases in their 
share of in-migrants. Although under migration 
assumption I such changes in population redis- 
tribution also occur, the effect under Series II is 
substantially greater. Table A-6 illustrates this 
effect for three States, one projected to have net 
in-migration, one with moderate net out-migra- 
tion, and one with above-average net out- 
migration. 



Table A-6 . — Rode of total net migration (in percent) for 
aelecUd StaUa: 1955-65, 1965-75, 1975-85 









Projected 




SUte 


Estimated, 

1955-65 


Series I-B 


Series II-B 




1965-75 


1975-85 


1965-75 


1975-85 


Colorado 

Alabama 

North Dakota 


+ 8.28 
- 2.79 
-11.22 


+4.46 

-2.24 

-9.51 


+3.16 

-1.58 

-7.68 


+4.05 

-1.80 

-7.98 


+2.70 

-0.96 

-5.23 



Net immigration from abroad— immi- 
gration was allocated to the States separately, 
using as an overall total the level established 
for five national population projections — that 
is 400,000 per year. The distribution to States 



» when *-0. 

XPi SJ»< 



is made on the basis of the 1960 State of residence 
of the foreign-bom population reported in the 
1960 Census as living abroad in 1955. 

Adjustment of migration rates . — As stated, 
data from the 1960 Census on interstate migra- 
tion of the 1955-60 period were used to derive 
estimates of migration for tlie projection period. 
The gross migration rates of the 1955-60 period, 
however, were modified in two important respects, 
os follows: 

a. Adjustment Jor military movement. — The 
basic 1955-60 migration data include both 
civilian and military interstate migration. Be- 
cause the migration rates around military ages 
are unusually high and States with large military 
installations gain migrants at the expense of 
States with little or no militaiy personnel, an 
assumption of the continuation of such migra- 
tion rates for an extended period leads to un- 
reasonable results in some instances. Spedfically, 
the number of males becomes increasingly larger 
(compared to the number of females) in those 
States with the large military installations. Such 
results are inconsistent with the assumption 
undeiiying the basic projections, that is, the 
assumption of no significant changes in the size 
and distribution of the Armed Forces in the 
United States over the projection period. 

In order to reduce the impact of such move- 
ments, the migration data have been modified to 
exclude, to as large an extent as possible, gross 
movements of military personnel. In effect, the 
1955-60 rates were modified to reflect only 
civilian migration, with estimates of the Armed 
Forces movements being handled separately in 
the procedure.^ Although this procedure had, in 
general, little impact on the overall total popula- 
tion of States, it does have significant impact on 
the age composition of males, particularly 
around the military ages, in those States with 
lai^e military installations. Although the con- 
version of the migration rates of the total 
population to the civilian population is some- 
what imperfect because of the lack of necessary 
information required to make such adjustments, 

fit was assumed that the size of the Armed Forces, at home and abroad, 
would remain constant at approximately the 1966 level. Persons entering the 
Armed Forces were distributed, by age, to States of preservice residence on 
the basis of the 1966 State population distribution. They were assigned to the 
State of their duty station using the 1966 States of station distribution of the 
Armed Forces. This procedure leads to a net movement of zero for each State 
between military and civilian population, as assumed in the projections. 
Within each State, however, there is substantial differential movement by age 

S ee most entries into the Armed Forces occur at ages 18 to 24 years and most 
urns to civilian life occur at later ages. 
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it is believed that the modification significantly 
improved the projections for those ages and 
States where such adjustments were important. 
Because the age group 18 to 24 years is par- 
ticularly affected by tliis adjustment and be- 
cause migration rates are very high for this 
group, the projected values should be inter- 
preted with caution. 

b. Adjustments jor net migration, 1960 to 
1966 . — It was also necessary to adjust the 1955- 
60 rates in order to take account of population 
changes, mainly due to net migration, that have 
occurred since I960. The resulting adjustment 
applies with equal effect to both migration 
Series I and II. The latest current population 
estimates, by age available at the time these 
projections were undertaken were those for 1965 
published in report No. 354 of this series. Esti- 
mates of net migration by age consistent with 
the 1965 population estimates were developed 
for the period 1960-65. The 1955-60 gross 
migration rates were adjusted in such a manner 
that, when used for the period 1960-65, they 
produced estimates of net migration by age 
for each State about the same as that derived 
from the independent current estimates. 

The adjustment was accomplished by first 
computing “projections” of net interstate mi- 
gration for the 1960-65 period using the 1955-60 
migration rates and then comparing these 
estimates with the independent current estimates 
for the 1960-65 period. The difference between 
the initial “projections” of net migration for 
1960-65 for each State, and the net migration 
developed (insistent with the current estimates 
for 1960-65 was then used to adjust the 1955-60 
out-migration rates and the distribution of 
in-migrants. The amount of adjustment as- 
signed to each flow, for each age-sex-color 
group, was determined by the ratios of gross 
out-migrants and gross in-migrants, respec- 
tively, to their sum. A second computation 
beginning with April 1, 1960, using the 1955-^0 
rates as adjusted, now yielded figures which 
closely approximated the 1965 independent 
curren t es timates. 

Part of the adjustment was retained during 
the projection period, thus assigning weight 
to the 1960-65 migration experience in the 
subsequent derivation of the projections. From 
1965 to 1970, three-quarters of the adjustment 
was usedj from 1970 to 1975, one-half j and for 
the period 1975-80, one-quarter. From 1980 



ERIC 



to 1985, the original 1955-60 values were 
employed. In effect, then, for the bulk of the 
projection period, the migration assumptions 
represent a blending of the 1955—60 gross 
migration e.xperience with the more recent 
1960-65 net migration estimates. This pro- 
cedure yields projections which can be generally 
described as “based on the assumption that 
recent migration rates would prevail during the 
projection period.” This system of combining 
the migration experience of the two most recent 
periods recognizes, and takes advantage of, the 
large amount of detailed data available from 
the census for the 1955-60 period, while 
broadening the base period of the migration 
projections. 

Other Series Developed by the U.S. Bureau of the 
Census 

The projections described above result in four 
main series — that is, two assumptions concerning 
future interstate migration combined with two 
levels of fertility (labelled Series I-B, I-D, II-B, 
and II-D). A number of other series based on 
alternative interstate migration assumptions were 
developed to provide background data for select- 
ing the projection series to be used for specific 
projects. 

One alternative series, designated as Series 
III, assumes “no net migration” for each State 
during the projection period. In this series, it 
has been assumed that, regardless of gross 
population movement, net intestate migration 
for each State in each period after 1965 will 
balance out to zero (for each age-sex-color group 
as well as for the total). This series is useful 
for measuring the impact on the population 
projections of alternative assumptions of future 
interstate migration. Net immigration fiom abroad 
at the rate of 400,000 per year is assumed to 
continue for this series. 

Anoth^ alternative set of projections affects 
only the non white population in States. Generally 
speaking, the rates and pattern of nonwhite 
migration diffw to an appreciable degree from 
those of the white population. This alternative 
projection series has been derived to illustrate 
the effect of interstate migration on the popu- 
lation distribution of the nonwhite population if 
interstate migration rates for whites and non- 
whites should become equal. For this series, 
it was assumed that for each State, the non- 
white out-migration rates of the 1955-60 period 
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will converge toward those of the white pojnila- 
tion, so that 50 years hence, the out-migratioM 
rates of the nonwhites, State by State, would o.- 
equa! to those of the whites. It was further 
assumed that the distribution bj-^ State of desti- 
nation would, in 50 j'cars, also be the same as 
for the white population. 

A special set of projections was also derived 
for the District of Columbia. The District of 
Columbia is a small area and exclusively urban. 
Its population composition, the city’s position as 
the core of a large inetroiK>litan area, and past 
suburbanization, which has involved substantial 
interstate movement, all contribute to unusual 
gross interstate migration patterns. Further- 
more, it is quite possible, because of present and 
planned land use, that the current population 
is uot very far below the practical maximum. 
Consequently, migration assumptions I and II 
may not be at all appropriate for this area. 

School Enrollment Projections® 

The projections of school enrollment were made 
by the particij)ation rate method. Projections 
were made of enrollment rates by age and sex, 
and these rates were applied to the projections of 
total population to obtain the number enrolled. 
Four series arc shown, designated as B-1, B-2, 
D-1, and D-2. The two sciics designated as “B” 
are consistent with the scries of population 
projections designated as “B” scries. Hence these 
projections imply a moderate rise in fertility. The 
two series designated as “D” are consistent with 
the projections designated as “D” scries. They 
imply a sharj) drop in fertility. 

* Source: U.S. Bureau of the Census. Population Estimates* ^^Summory 
of Domogrophic Projections," Series P-25, No. 388. Morcli 14, 1968, pp. 
2G-27. 



The two series designated ns “1” imj)!}' marked 
increases in the j)ercent of the jmpuhition en- 
rolled in school at the older ages. The two series 
designated as “2” imply that the increase at 
these ages will be less rapid. There is little differ- 
ence between the two assum|)tions at the younger 
ages, for enrollment is already near 100 j)ercent. 
There are important differences at the older ages, 
however. 

Actually, it was the age-specific rates for those 
not enrolled in school which were projected. 
Series 1 assumes that the decline in tlie "non- 
enrollment rates” will continue at the annual 
rate observed for the period of 1960-1962 to 
1963-1966. The comjdements of these rates are 
the enrollment rates. The Series 2 enrollment 
rates are the average of the Series 1 rates and the 
rates achieved in 1965. They imply that the in- 
crease in enrollment will be half that assumed for 
Series 1. The projections distribute enrollment 
among three levels of school: elementary (in- 
cluding (kindergarten), high school, and college and 
professional school. This stej) was also made by 
the participation rate method. Projections were 
made of the percentage distribution among the 
three levels of school for each age-sex grouj), and 
these ])ercentages were applied to the projections 
of the enrolled pojmlation by age and sex. Series 1 
implies that the proportion of enrollment at a 
given level of school would shift between 1964 
and 1990 by the same overall percent as between 
1961 and 1964. In effect, since the projection 
period was twice as long as the base period, the 
proportions were assumed to change about one- 
half as rapidly in the future as in the, recent past. 
The series 2 proportions are the average of the 
Series 1 proportions and the proportions in 1965. 
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Appendix B 

SMOOTHING AGE DISTRIBUTIONS ' 



Definitions, Usages and Limitations 

One method often used consists of applying sets 
of constant nniltipliei-s to the enumerated 5-yenr 
age groups in order to obtain a smoothed distri- 
bution by single years of age. These inultiplieis 
also tire of special interest for making population 
estimates when the census does not pi-esent data 
by single yeare of age. There are many different 
kinds of interpolation procedures — that is, inter- 
polating within a 6-year age group so as to obtain 
estimates for single years; the procedure presented 
below is often used by the U.S. Bureau of the 
Census. These constant multipliers, or weights, 
are based on Sprague’s osculatoiy fifth difference 
formula.* Another set of weights, somewhat 
similar to those derived from the Sprague formula, 
is that of Beers.® 

The Sprague multipliers smooth (or graduate) 
the data reported into halves, fifths, or tenths. A 
10-year period can be divided into single yeai-s or 
two 5-year periods; for example, a 2-year period 
can be divided into single years; a 6-year period 
can be divided into single years; and so forth. In 
the following paragraphs we show the detailed 
procedures for using the fifths; brief comments on 
the use of the halves and tenths follow. 

The Sprague Multipliers 
Dividing into Fifths 

The Sprague fifths multipliers simply redistrib- 
ute the number within the 6-ycar age ixjriod into 
estimated numbers for single years of age, without 
in any way altering the total reported for the 5- 
ycar age period. Thus in applying it, the data are 
first compiled into 6-ycar age periods; original 

* Taken In part from Handbook of SiatUtical Methoda for DemoQrapherSt by 
A. J. Jaflc, U.S. Bureau of llic Census, Washington » D.C., third printing, 1000, 
pp. 04-100. 

> For a derivation of Sprague's formula, see T. W. Glover, United Statee life 
ToMes, U.S. Bureau of the Census, Woslilngton, 1031, pp. 344 and 345. 

< Henry S. Beers, ''Modined*liilerpolallon Formulas that Minimize Fourtli 
DIflerenees," The /?«ord, American Institute of Aetuarics, Vol. XXXIV, 
Port 1, No. 60, June 1045, pp. 14-20. Note.— ToWr numbereours. 



tabulations by single years of age arc not used. 
The same procedures, with but very little modifi- 
cation, can be used to smooth sets of rates by age, 
as for example, the proportion, of the population 
of single marital status by 1-ycar age periods; 
also, agc-spccific birth rates for women by single 
years of age can be estimated from data on rates 
for 6-ycar age groups. 

The limitations of this method are as follows: 
If any particular 6-year age group is greatly in 
error duo to under-/or over-enumeration, this 
method will not correct such deficiencies; they 
must be corrected by graphic inter[X)lation or by 
calculating the expected number of survivors from 
the preceding census. 

If the original data curve very rapidly from 
one single year to the next, as is the case with the 
proportion of single marital status during the 
teen ages, this formula is somewhat inadequate. 
In such cases graphic smoothing may be the best. 
Thus, for example, in smoothing the proportion 
single for each year of age from age 16 to age 100, 
it may be best to use graphic smoothing for the 
age group 16 to 19 and for the older age groups. 
The specific older ones to which it should be 
applied will depend on how “regular” or “irregu- 
lar” the data appear; this “irregularity” may rep- 
resent respondents’ biases which should be 
smoothed out by actually altering the reported 
numbers or percentages for given 6-year age 
groups. For all intermediate 5-year age groups 
the formula should be adequate. 

This formula may also be inadequate for the 
very youngest age groups — under 5, and 5 to 9 
years old. If birth and death statistics are avail- 
able, it is preferable to calculate these ages by 
single years on the basis of the vital statistics. 
Only if complete and accurate birth and death 
statistics are not available, should these smooth- 
ing procedures be applied to the 5-year groups 
as enumerated by the census. 



In gcncrnl the Sprague multipliers are very 
flexible and will fit most distributions of data by 
age. Certain very unusual distributions, perhaps 
cannot be smoothed adequately by this method. 
In such cases other formulas are available (see 
M. D. Miller and Beers) which can be used; these 
other methods may not reproduce the five-year 
total exactly, but may approximate such, and are 
preferable for smoothing death rates and for other 
distributions when one does not particularly 
care about keeping the reported 5-year totals 
unchanged. 

These multipliers can be used on a great 
variety of data besides age distributions, provided 
that the data are continuous, and quantitative 
variables are being studied. Thus, income dis- 
tributions can be graduated. Hours worked per 
week, on the other hand, can be considered as 
discrete — or semidiscrete — data since there are 
known peaks at 40 hours and 48 hours — peaks 
which must not be smoothed out if the results are 
to have any meaning. These multipliers are 
purely mathematical in their approach, and do not 
contain within themselves any means of taking 
into consideration, irregular but true (nonerror) 
fluctuations in the basic data. 

Detailed Procedures . — Five sets of multi- 
pliers^ are needed, one for smoothing the “mid- 
panels,” one for each of the “end-panels,” and 
one for each of the ”next-to-end-panels.” In terms 
of an ordinary age distribution ranging from age 
0 to, say, age 99 by 5-year intervals, the above 
terminology has the following meaning: 

Age: 

0to4 First end-panel. 

5 to 9 First next-to-end-panel. 

10 to 14 etc. to 85 to 89. . Mid-panels. 

90 to 94 Last next-to-end-panel. 

95 to 99 Last end-panel. 

1 1 will be noted that the last end-panel is deter- 
mined by the nature of the available frequency 
distribution. In the event that the end-panel is 
an open end class interval, specific 5-year age 
classes must first be estimated; this can be done by 
graphic smoothing. In tabulating census returns, 
of course, it will always be possible to tabulate the 
data into 5-year age groups and open end classes 
omitted. The group aged 100 and over, can gen- 
erally be treated as ranging from 100 to 104 years. 

< Tho speeiflo panels of multtplters presented below were caleulated by 
Wilson H. Qrabfll of the U.S. Bureau of the Census. 



The notation used is as follows: 

A^,= number of persons enumerated by the 
census in any 5-year age group. 
7i,=estimated number of persons at the 
calculated single year of age. 

The mid-panel multipliers are ns follows: 



Ni Ni Nj N( Nj Sum 



III -.0128 -H.0848 -H.I604 -.0240 -H.0016 -H.2000 

nj -.0016 -H.0144 -H.2224 -.0416 -H.0064 -H.2000 

II) -H.0064 -.0336 -H.2544 -.0336 -H.0064 -H.2000 

IK -H.0064 -.0416 -H.2224 -H.0I44 -.0016 -H.2000 

IK -H.0016 -.0240 -H.I804 -H.0848 -.0128 -H.2000 



Ni always is the 5-year age group which is 
being graduated into single years of age. N2 is 
the first younger 5-year age group, and Ni is the 
second younger group. N4 is the first older class, 
and Ns the second older. Thus, for example, in 
estimating single years of age for the class 25 to 29 
years: 

Ni = 15 to 19 years 
N2=20 to 24 years 
Ns=25 to 29 years 
N4=30 to 34 years 
N.s=35 to 39 years 

These multipliers are then applied as in table B-1. 

Table B-1. — Estimating single years of age, using mid-panel 
of the Sprague multipliers, age SO to S4 years taken as an 
example 

(Data for native white matoSs United States, 1940; in thousands) 







Ni 


N, 


N, 


Ni 


Ns 






Line No. 


(age 10 


(age 16 


(age 20 


(age 26 


(age 30 


Sum 






to 14) 


to 19) 


to 24) 


to 2(0 


to 34) 






Reported 














1 


number 


1,441 


1, 618 


1,430 


1,317 


1,167 




2 


Estimating oge: 














3 


20 (line 
















IXIineO). 


-18.4 


+128.7 


+2ia4 


-31.6 


+1.9 


297.0 


4 


21 (line 
















IXIinelO). 


-2.3 


+21.9 


+320.0 


-64.8 


+7.4 


292.2 


6 


22 (line 
















IXUne 11). 


+0.2 


-61,0 


+366.1 


—44.3 


+7.4 


287.4 


0 


23 (line 
















IXUne 12). 


+9.2 


-63.1 


+320.0 


+19.0 


-1.9 


283.2 


7 


24 (line 
















IXlinelS). 


+2.3 


-33.4 


+216.4 


+111.7 


-14.8 


279.2 


8 


Sum, age 20 
















to 24 












1,439.0 










Multipliers 






9 


m (age 20) 


-.0128 


+.0848 


+.1604 


-.0240 


+. 0016 


+.2000 


10 


m (age 21) 


-.0010 


+.0144 


+.2224 


-.0416 


+.0064 


+^2000 


11 


n) (age 22) 


+.0064 


-.0336 


+.2544 


-.0336 


+.0064 


+.2000 


12 


m (age 23) 


+.0064 


-.0416 


+.2224 


+.0144 


-. 0016 


+.2000 


13 


N$ (age 24) 


+.0016 


-.0240 


+.1604 


+.0848 


-.0128 


+.2000 



The end-panel multipliers are as follows: 
First end-panel 





Ni 


Nj 


N, 


Ni 


Sum 


m 


+.3610 


-.2768 


+. 1488 


-.0336 


+.2000 


ni 


+.2640 


-.0960 


+.0400 


-.0080 


+.2000 


ns 


+.1840 


+.0400 


-.0320 


+.0080 


+.2000 


ni 


+.1200 


+.1360 


-. 0720 


+.0100 


+.2000 


ni 


+.0704 


+.1968 


-.0848 


+.0176 


+.2000 



Last end-panel 





Ni 


Nj 


N, 


Ni 


Sum 


ni 


+.0176 


-.0848 


+. 1968 


+. 0704 


+.2000 


m 


+.0160 


-.0720 


+. 1300 


+. 1200 


+.2000 


ns 


+.0080 


-.0320 


+.0400 


+. 1840 


+.2000 


ni 


-.0080 


+.0400 


-.0960 


+.2640 


+.2000 


ni 


-.0336 


+. 1488 


-. 2768 


+.3610 


+.2000 



These multipliers arc then applied as in tabic 
B-3. 

It should be noted that the multipliers for the 
end and next-to-the-end-panels are based on 
osculatory fourth difference interpolation. This 
method ties in smoothly with the procedures 
based on the fifth difference osculatory formula 
(the mid-panels multipliers), but does not present 
quite as satisfactory results as the latter pro- 
cedures. This results from the fact that, in process- 
ing the mid-panels, the data for the two younger 
and two older age groups are taken into account; 

Table B-2. — Estimating single years of age rising end-pands 
of the Sprague multipliers 

(Data for nntlvo wliito males, United States, 1940; In tliousands) 



The N notation is as follows, assuming that 
ages 0 to 4 and 95 to 99 arc respectively, the first 
and last end panels (if other classes are at the 
ends of the frequency distribution make the 
appropriate substitutions) : 

Ni=0 to 4 years and 80 to 84 years 

N2=5 to 9 years and 85 to 89 years 

iV 3 = 10 to 14 years and 90 to 94 years 

Nt=15 to 19 years and 95 to 99 years 

These multipliers are then applied as in table B-2. 
The next-to-the-end-panel multipliers are: 

First next-to-the-end-panel 





Ni 


Ns 


Nj 


Ni 


Sum 


ni 


+.0336 


+.2272 


-.0752 


+.0144 


+.2000 


m 


+.0080 


+.2320 


-.0480 


+.0080 


+.2000 


ni 




+.2160 


-.0080 


+.0000 


+.2000 


ni 


-.0160 


+. 1840 


+.0400 


-.0060 


+.2000 


ni 




+.1408 


+.0912 


-.0144 


+.2000 







First end panel 






Ni (ago 
0to4) 


Nj (ago 
5 to 9) 


Ns (ago 
10 to 14) 


Ni (ago 
15 to 19) 


Sum 


1 


Reported numbers. . . l, 166 


1,235 


1,441 


1,518 




2 

3 


Estimating age; 

0 (line IX line 9). +421.3 


-341.8 


+214.4 


-51.0 


242.9 


4 


1 (line IX line 19). +307.6 


-118.6 


+57.6 


-12.1 


234.5 


5 


2 (line IX line 11). +214.4 


+49.4 


-46.1 


+12.1 


229.8 


6 


3 (line IX line 12). +139.8 


+168.0 


-103.8 


+24.3 


228.3 


7 


4 (line IX line 13). +82.0 


+243.0 


-122.2 


+26.7 


229.5 


8 


Sum, ago 0 to 4 








1,165.0 






Multipliers 







9 ni(ageO) +.3610 -.2768 +.1488 -.0336 +.2000 

10 ni(agol) +.2640 -.0960 +.0400 -.0080 +.2000 

11 nj(ag 0 2) +.1840 +.0400 -.0320 +.0080 +.2000 

12 ni(age3) +.1200 +.1360 -.0720 +.0160 +.2000 

13 ns (ago 4) +.0704 +.1968 -.0848 +.0176 +.2000 



Line No. 



Last end panel 



Slim 

Ni (ago Na (age Ns (ago Ni (age 
0 to 4) 5 to Q) 10 to 14) 15 to 10) 



Last next-to-the-end-panel 



Ni N> Ns Ni Sum 



m —.0144 

m -.0080 

ns +.0000 

ni +.0080 

ns +.0144 



+.0912 


+. 1408 


-•0176 


+.2000 


+.0400 


+. 1840 


-. 0160 


+.2000 


-.0080 


+.2160 


-.0080 


+.2000 


-.0480 


+.2320 


+.0060 


+.2000 


-.0752 


+•2272 


+.0336 


+.2000 



1 Reported numbers... 59.4 

2 Estimating age: 

3 05(llnelXllno9). +1.05 

4 06 (lino 1 X line 

10) +.95 

5 07 (line 1 X lino 

11) +.48 

6 98 (lino 1 X lino 

12) -.48 

7 99 (lino 1 X lino 

13) -2.00 



19.6 


4.0 


.7 — 




-1.66 


+.79 


+.05 


.23 


-1.41 


+.54 


+.06 


.16 


-.63 


+.16 


+.13 


.14 


+•78 


-.38 


+.18 


.10 


+2.92 


-1.11 


+.25 


.06 



The N notation is as follows, assuming that 
ages 5 to 9 and 90 to 94 are, respectively the first 
and last next-to-the-end-panels : 

Ni=0 to 4 years and 80 to 84 years 
A/2=5 to 9 years and 85 to 89 years 
iV 3 = 10 to 14 years and 90 to 94 years 
iV4=15 to 19 years and 95 to 99 years 



8 Sum, ago 95 to 



99 80 



Multipliers 



9 ni(age9S) +.9176 -.0848 +.1068 +.0704 +.2000 

10 ni(age90) +.0160 -.0720 +.1360 +.1200 +.2000 

11 ns (ago 97) +.0080 -.0320 +.0400 +.1840 +.2000 

12 ni(ago98) -.0080 +.0400 -.0960 +.2640 +.2000 

13 ns (ago 99) -.0336 +.1488 -.2768 +.3616 +.2000 
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this provides an equal amount of information on 
each side of the 5-year age group being gradu- 
ated into 1-year age groups. 

When smoothing the end and next-to-the-end- 
panels, however, equal amounts of information 
on each side are not available — only “lopsided” 
information. In the case of the end-panels data 
can be had only for the following or preceding 
classes, never for both. In the case of the next-to- 
the-end-panels information can be had only for 
one age class on one side (prior to or following the 
panel), and several classes on the other side. 
Because of this “lop-sidedness” it is sometimes 
preferable to use a graduation formula other than 



Table B-3. — Eslimaling single years of age using nexl-to- 
end panels of the Sprague multipliers 

(Data (or native white males, United States, 1040; In thousands) 



First next-toend panel 



Ni (ago Nt (age N> (age N4 (age Sum 
Otol) Sto$ 10 to 14 IS to 19) 



1 Reported numbers... 1,165 1,235 1,441 1,518 

2 Estimating ago: 

3 S (lino 1 Xlino 9) . +30.1 +289 6 -108.4 +21.9 233.2 

4 6. (lino IXIine 10) +0.3 +286.5 -69.2 +12.1 238.7 

5 7. (line IXIine 11) -9.3 +260.8 -11.5 +00.0 246.0 

6 8. (lino IXIine 12) -18.6 +277.2 +57.6 -12.1 264.1 

7 9. (lino IXIine 13) -29 6 +173.9 +131.4 -21.9 262.9 



8 Sum,agoSto 9 1,234.9 



Multipliers 



9 ni(ageS) +.0336 +.2272 -.0752 +.0144 +.2000 

10 n«(agod) +.0080 +.2320 -.0480 +.0080 +.2000 

11 ns (ego 7) -.0080 +.2160 -.0080 +.0000 +.2000 

12 m(ago8) -.0160 +.1840 +.0400 -.0080 +.2000 

13 ni(ago9) -.0176 +.1408 +.0912 -.0144 +.2000 



Last noxt-UHind panel 

Lino No. 

Ni (age N> (ago Ns (age N4 (age Sum 

80 to 84 85 to 89) 90 to 94) 96 to 99) 



1 


Roportod numbers 


59.4 


19.0 


4.0 


.7 




2 


Estbnating age: 












3 


90 (lino IXIine 9) . 


-.80 


+1.79 


+.50 


-.01 


1.48 


4 


91 (lino IXIine 10) 


-.48 


+.78 


+ 74 


-.01 


1.03 


5 


92 (lino IXIine 11) 


+.00 


-.10 


+.80 


-.01 


.09 


0 


93 (lino IXIine 12) 


+.48 


-.94 


+.93 


-.01 


.48 


7 


94 (lino IXIine 13) 


+.80 


-1.47 


+.91 


+.02 


.32 


8 


Sum, ogo 90 to 














94 










4.00 








Multipliers 






9 


m (Ago 90) 


-.0144 


+.0912 


+.1408 


-.0170 


+.2000 


10 


nj (Age 91) 


-.0080 


+.0400 


+.1840 


-.0160 


+.2000 


11 


ns (Age 92) 


+.0000 


-.0080 


+.2100 


-.0080 


+.2000 


12 


ni (Ago 93) 


+.0060 


-.0480 


+.2320 


+. 0080 


+.2000 


13 


n* (Age 94) 


+. 0144 


-.0752 


+.2272 


+.0330 


+. 2000 



Sprague’s multipliers for these two types of 
end-panels. 



Calculating Rates for Single Years of Age , — 
Sometimes reported rates — birth and death, mar- 
riage, labor force participation, etc. — whether 
reported by 5-year groii|)s, or single ycai-s of 



Table B-4 . — Estimating percent of single marital status, by 
single years of age, using Sprague mid-panel multipliers, 
ages 16 to 19 and SO to S4 years taken as examples 

(Data for whito malcSg Unttod States; 1040) 



Ago 15 to 10 

Lino No. Sum 

Ni (ago N?(ago Na(ago (age Ns (age 
5 to 9) 10 to 14) 15tO 10) 20 to 24) 25 to 20) 



1 Reported per* 





centages single. 


100.0 


loao 


98.4 


73. 5 30. 7 





2 


Times 5 (lino 














1X5) 


500.0 


500.0 


492.0 


367.5 183.5 




3 


Estimating per* 














cent single for 
age: 












4 


15 (lino 














2Xllno 11). 


-0.4 


+42.4 


+74.0 


-8.8 +.3 


101.5 


5 


10 (lino 














2Xlino 12). 


-.8 


+7.2 


+109.4 


-15.3 +1.2 


101.7 


0 


17 (lino 














2Xlino 13). 


+3.2 


-10.8 


+125.2 


-12.3 +1.2 


100.5 


7 


18 (lino 














2Xllno 14). 


+3.2 


-2ft8 


+109.4 


+5.3 -.3 


90.8 


8 


19 (lino 














2Xlino 15). 


+.8 


-12.0 


+74.0 


+31.2 -2.3 


91.7 


9 


Sum, ago 15 to 












19 










492.2 










Multipliers 




10 


ni 


-.0128 


+.0848 


+.1504 


-.0240 +.0016 


+.2000 


11 


nj 


-.0010 


+.0144 


+.2224 


-.0410 +.0064 


+.2000 


12 


ns 


+.0064 


-.0330 


+.2544 


-.0336 +.0004 


+.2000 


13 


m 


+.0004 


-.0410 


+.2224 


+.0144 -.0016 


+.2000 


14 


nj 


+.0010 


-.0240 


+.1504 


+.0848 -.0128 


+.2000 



Age 20 to 24 



Lino 


No. 












Sum 






Ni (age 


N?(age N3(ago 


N4 (ago 


Ni ( age 








10 to 14) 15 to 19) 20to24) 25 to 29) 30 to 34) 




15 


Reported por> 
















centages single. 


loao 


98.4 


73.5 


30.7 


20.7 . 




10 


Times 5 (line 
















15X5) 


500.0 


492.0 


307.5 


183.5 


103.6 . 




17 


Estimating per- 
















cent single for 
















age: 














18 


20 (lino 10 
















Xllne 10).. 


-6.4 


+41.7 


+55.3 


-4.4 


+.2 


80.4 


19 


21 (lino 10 
















Xlino 11).. 


-.8 


+7.1 


+81.7 


-7.0 


+.7 


81.1 


20 


22 (lino 16 
















Xlino 12).. 


+3.2 


-Kk5 


+93.5 


-0.2 


+.7 


74.7 


21 


23 (line 16 
















Xlino 13).. 


+3.2 


-20.5 


+81.7 


+2.0 


-.2 


00.8 


22 


24 (lino 16 
















Xlino 14).. 


+.8 


-11.8 


+55.3 


+16.0 


-1.3 


58.0 


23 


Sum, ago 
















20 to 24... 












307.0 
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ngc, arc too innccurntc to be employed for nua- 
lyticnl purposes, without smoothing. Death rates 
to be employed in calculating life tables should 
be graduated by a refined formulae (see M. D. 
Miller) ; the Sprague multiplici's can be used for 
most other smoothing or estimating purposes. 

In calculating rates by single years of age, the 
Sprague multipliers are used exactly as described 
previously. The different sets for “mid-panels,” 
“end-panels,” and “next-to-end-panels,” are all 
employed in the same manner ns for smoothing 
the population. The only variation introduced is 
that the original rate for a 5 -year group is 
multiplied by 5, after which the standard 
multipliers are applied. This procedure using a 
“mid-panel” is illustrated in table B-4. 

It will be noted (from table B-4) that these 
multipliers fail in attempting to estimate the 
percent single in the teen ages, for individual years. 
Obviously, over 100 percent of the population in 
each of the ages 15, 16, and 17 cannot be single. 
The ages 20 to 24, by contrast, appear both smooth 
and plausible. Applying the multipliers for the 
first end panel (as is done in table B-5) does 
not appear to produce any better graduation 
for the age 15 to 19. Accordingly, this age group 
must be smoothed by some other method. Graphic 
smoothing can be used and this is shown in 
chart B— 1. Age 15 is plotted os 100 percent and 
age 20 as 86.4 percent (this value is obtained from 
table B-4). A French curve is passed through 
these two points and the following values read off 
for ages. 



15.. 100.0 

10.. . 09.0 

17 .. . 99.3 

18 97.8 

19 95 . 0 



Total-- 492.0 



Use of the Halves and Tenths Multipliers. 

The several sets of multiplici's arc given in table 
B-7. These arc used in exactly the same manner as 
arc the fifths. Wc may illustrate the use of the 
halves, mid-panel, ns in table B-6. 

Tadlb B-5 . — Estimaiing percent of single marital status by 
single years of age, using Sprague first end-panel multi- 
plierSf age 15 to 19 years taken as example 



Data for whito moles, United States; 1040) 



Line No. 


Ni (oge 
1.5 to 10) 


N: (og*' 
2t) to 24) 


Nj (oge 
25 to 20) 


N< (age 
30 to 34) 


Sum 


1 


Reported percentages 














single 


08.4 


73.5 


36.7 


20.7 




2 


Times 6 (line 1X6) -- 


492.0 


307.6 


183.5 


103.5 




3 


Estimating pereent 














single for ago: 












4 


15 (line 2Xllno 














10) 


-H77.0 


-101.7 


-1-27.3 


-3.5 


100.0 


5 


16 (line 2Xiino 














11) 


-H20.0 


-35.3 


-1-7.3 


-.8 


101.1 


6 


17 (lino 2Xlino 














12) 


-HO. 5 


-H4.7 


-5.9 


+.8 


loai 


7 


18 (UnQ 2XIino 














13) 


-1-50.0 


-H50.0 


-13.2 


+1.7 


07.5 


8 


10 (line 2Xline 














14) 


-H34.6 


-1-72.3 


-15.6 


+1.8 


03.1 


0 


Sum, ago 15 to 














19 










401.8 






















Multipliers 






10 


m 


-H.3G16 


-.2768 


-H. 1488 


-.0330 


+.2000 


11 


nj 


-!-.2040 


-.0960 


-I-.0400 


-.0080 


+.2000 


12 


nj 


-H. 1840 


-H.0400 


-.0320 


+.0080 


+.2000 


13 


ni 


-I-.1200 


-I-. 1360 


-.0720 


+.0100 


+.2000 


14 


ns 


-H.0704 


-H. 1068 


-.0348 


+.0176 


+.2000 



I 



Tadlb B-6. — Estimating 5-year age periods, using mid-panel of the Sprague multipliers, males age 45 to 54 years taken as an 

example 

(Data for unomployed males, United States, September 1066, In thousands) 





Lino No. 


Ni (oge 25 
to 34) 


Ns (tttO 35 
toT4) 


N) (age 45 
to 54) 


N« (age 55 
to 64) 


Ns (ago 05 
to 74) 


Sum 


h 

V 


1 Reported number 

2 Estimating ago: 

3 46 to 49 (line 1 X lino 6) 

4 50 to 54 (line 1 X line 7) 


172 

-2.01563 

+2.01563 


150 

+13.40626 
-13. 40626 


178 

+89.00000 

+89.00000 


134 

-11.51563 

+11.51563 


62 . 

-H). 72656 
-a 72666 


89.60155 

88.39845 


• 














178.00000 


•: 

V' 
. ) 








Multipliers 








6 ni (ago 45 to 49) 

7 m (age 50 to 54) 


-.01171875 

+.01171875 


-.08593750 
+. 08593750 


+.50000000 

+.50000000 


-.08593750 

+.08593750 


+.01171875 

-.01171875 


+.50000000 

+.50000000 



?"• 

V; 





353-581 0 - 70-7 
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CHART B-1.— Graphic Method for Estimating Percent Single, Ages 15 to 19 by Single Years, White Males, 

United States, 1940 




I 

/ 

I 
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j. 



Interval pattern: ® — 5 — 5 5 

(NO always Is Iho category being subdivided) 



Table Coefficients Jor 3rd degree polynomial area 

interpolation 

Interval pattern: 5 — 5 — 5 — © 



Areas resulting from 
the subdivision of 
the Interval con- 
taining No Into: 



No 



Tenths: 

-P. 19416250 



nj-- 

nj.. 

114 .. 

III. 



10743750 

14306250 

12093750 

10096250 



nt +.08303750 

+.00700250 

+.05203750 

n/” +.04056250 

+.02983750 

Total 1 

Halves: 

n, +.72650250 

+.27343750 

Interval pattern: 5 — © — 5 — 5 



Nl N2 


Nj 


16398760 +. 0P04P760 


-.02060260 


11281250 +. 05831250 


-. 01293760 


06768750 +. 03118750 


-.00666260 


-.02831050 +.00881250 


-.00143760 


+.00561250 -.00911250 


+.00253760 


+. 03438750 -. 02288760 


+. 00646250 


+.05831250 -.03281250 


+.00743750 


+.07768750 —.03918760 


+.00856250 


+.09281250 -.04231250 


+.00893750 


+. 10908750 — • 04248760 


+.00860250 


0 0 


0 


-.36718760 +. 17968760 


-.03906250 


+.36718760 -. 17968750 


+.03906250 



Areas resulting 
from the sub' 
division of the 
Interval con- 
taining No Into: 



N-j 



N-2 



N-i 



No 



Tenths: 

n, +. 00806250 04248750 +. 10398750 

] . +. 00893750 04231250 +. 09281250 

iij!] !..!!!.'..!! oob 5025 o 03918750 +. 07708750 

1I4 ]! +• 00743750 03281250 +. 05831250 

ni!!.y.!! +.00540250 -.02788750 +.03438750 

n, +.00253750 -.00911250 +.00501250 

-. 00143750 +. 00881250 02831250 

i\t . ..!!!.!!!.. -.00050250 +. 03118750 -. 00768750 

n, -. 01293750 +. 05831250 11281250 

n w! . 02000250 +. 09048750 -. 16398750 

Total 0 0 0 

Halves: 

+. 03900250 -. 17968750 +. 36718750 

nj!!!”!”-''.- -.03900250 +. 17968750 —.30718750 

Interval pattern: 5 — 5 — © — 5 5 



+.02983750 

+.04050250 

+.05203750 

+.00700250 

+.08303750 

+.10090250 

+.12093750 

+.14300250 

+.10743750 

+.19410250 

1 

+.27343750 

+.72650250 



the subdivision of 
the Interval con- 
taining No Into: 


N-I 


No 


Nl 


Nj 


Tenths: 

ni 



nj 

ni 




+.02000250 

+.01293760 

+.00050250 

+.00143760 

-.0025.3750 


+. 11151250 
+. 11608750 
+. 11681260 
+.11518750 
+. 11111250 


-. 04001250 
-. 03518750 
-.02831250 
-. 01068750 
-.00961250 


+.00783760 

+.00656260 

+.00493760 

+.00306250 

+.001097!k» 


m •••» 


-.00540250 


+ 10488750 


+. 00161250 


-. 00103760 


iii 


-.00743750 


+.09081250 


+. 01368750 


-.00306250 


n§_ 


. -.00856260 


+ 08718750 


+. 02631250 


-.00409750 


fi|. 


. -.00893760 


+.07631260 


+. 03018750 


-.00656250 




. -.0KI6025O 


+.06448750 


+. 05201250 


-.00783760 


Total-. ...... 

Halves: 

m 

fjj 


0 

.. +.03900250 
-. 03006250 


1 

+.57091250 

+.42968750 


0 

-. 13281250 
+. 13281250 


0 

+.02343760 

-.02343760 














Interval pattern: 5—5 


1 

© 

1 





Arca.H resulting 
from the sub- 
division of the 
Interval con- 
taining No Into: 



N-t 



N-l 



NO 



Nl 



Nt 



Tenths: 

ni 00760376 +. 06103760 +. 06696000 00903760 +■ 00024376 

-.00520026 +.03370250 +.08446000 -.01436250 +.00135625 

-.00220625 +.01638760 +.10367600 -.01948760 +.00273125 

n/."!’.’.”!!! +.00060625 -.00098760 +.11882500 -.02211260 +.00366876 
+.00268125 -.01326260 +.12720000 —.02033760 +.00371876 

ni!!!!.!!...! +.00371875 -.02033750 +.12720000 -.01320250 +.00268126 

n; I +.00300876 -.02211250 +.11882500 —.00098760 +.00060625 

_ 4 .. 00273125 —.01948760 +. 10367600 +.01638760 —.00220625 

+.00136025 -.01436250 +.08446000 +.03376260 -.00520626 

„ +.00024376 -.00963760 +.06696000 +.05103760 -.00769376 

Totii::::: o o i » o 

Halves* t 

n * -.01171875 +.08593750 +.50000000 -.08593750 +.01171875 

+.01171875 -.08593760 +.60000000 +.08593760 -.01171876 



Areas resulting 
from the sub- 
division of the 
Interval con- 
taining No Into: 



N-J 



N-i 



No 



Nl 



1 

L 


'remns; 

iii__ 


... -.00783760 


+.05201250 


+.06448750 


-.00666250 




t 


rij,_ 


-.00656250 


+.03018750 


+.07631250 


-.00893750 


j 




nj— 


-.00493750 


+.02631250 


+.08718750 


-.00856250 









-.00306250 


+.01308750 


+.09681250 


-. 00743750 


: 


t 


nj_„ 


-.00103760 


+.00161250 


+. 10488750 


-.00546250 




rij . 


+.00103760 


-.00961250 


+.11111250 


-.00263750 




& 


ni 

fii , 


... +.00306250 

+.00493750 


-.01968750 

-.02831250 


+. 11518750 
+. 11081250 


+.00143760 

+.00056250 




+ 


m 


+.00656250 


-.08518750 


+. 11508750 


+.01293760 


'{ 


i 

\ 

\ 

t, 


mo. .... 


... +.00783750 


-.04001250 


+.11151250 


+.02066360 


i 


£ 

Total 


0 


0 


1 


0 


] 

j 


Halves: 

ni ... 


.. -.02343750 


+. 13281250 


+.42068750 


-.03906250 


1 


m- 


... +.02343760 


-. 13281250 


+.57031250 


+.03906250 


■*} 



■ i ■ 

o' 

ERIC 
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Appendix C 



FITTING LINES 



Least Squares 

The method of least squares may be the most 
frequently used procedures for fitting a line to a 
time series. Both straight and curvilinear lines 
can be fitted by these procedures. We shall 
review the simplest procedures for fitting both 
types of lines here. 

Straight Line 

The basic formula is: F=o+iX 
X is the year and Y is the number enrolled that 
year. We need two equations to fit the line: 

Sum F=no+ 6SumY 
Sum YF=oSumY+6SumX* 

Let us illustrate the procedures with the data in 
table C-1. Since the X values are all large, 1956, 
1957, etc., we can simplify the calculations very 
much by adopting an Arbitrary Origin. We 
designate the middle year of the series, 1962 in 
this case, as zero. The year 1961 then becomes 
— 1, 1960 becomes —2, etc.; 1963 is +1, 1964 is 
+2, etc. These values are sho^vn in col. b of table 
C-1. 

The observed numbers of elementary school 
students are shown in col. c. Wo compute cols, 
d and e as shown in table C-1. We then have the 
following equations: 

398.2=130+0 6 
' 108.0=0 0+182 6 
0=398.2 divided by 13=30.63 
6=108.0 divided by 182=0.593 

We can now use these values to compute 
the calculated (as contrasted to the observed) Y. 
Thus, 1956 equals: 30.63+ 0.593 (-6)=27.07. 

We can use these same values for projection 
purposes. Assume that we wish to project to 1975. 
This year is 13 years after the arbitrary origin 
of 1962. Therefore: 1975 equals: 30.63+0.593(13) 
=38.34. 



Table C-1 . — Procedures for fitting a straight line to 
elementary school enrollment data: United States, 1966 to 
1968 



(a) 

Year 


(b) (c) 

Y observed 
X (elementary 
school 
enrollment. 
In 

millions) 


(d)- 

0>Xc) 

XY 


(e) 

(X)* 


(0 

Y calcu- 
lated 


(g)«(c-0 

Y observed mlnu.i 
Y calculated 


Differ- 

ence 


Differ. 

ence 

squared 


1966 


“6 


26.2 


-157.2 


36 


27.07 


•0.87 


.7569 


1967 


-6 


27.2 


-136.0 


25 


27.67 


-0.47 


.2209 


1968 


-4 


28.2 


-112.8 


16 


28.26 


-0.06 


.0036 


1969 


-3 


29.4 


-88.2 


0 


28.85 


+0.55 


.7.025 


1960 


-2 


30.3 


-60.6 


4 


20.44 


+0.86 


.7396 


1961.* 




30.7 


-30.7 


1 


30.04 


+0.66 


.4356 


1962 


0 


30.7 


00.0 


0 


30.63 


+0.07 


.0049 


1963 


1 


31 .2 


+31.2 


1 


31 .22 


-0.02 


.0004 


1964 


2 


31 .7 


+63.4 


4 


31.82 


-0.12 


.0144 


1965 


3 


32.5 


+97.5 


0 


32.41 


+0.00 


.0081 


1966 


4 


32.0 


+131 .6 


16 


ZZ.Oj 


-0.10 


.0100 


1967 


5 


33.4 


+167.0 


25 


33.60 


-0.20 


.0400 


1968 


6 


33 .8 


+202.8 


36 


34.19 


-0.30 


.1521 


Sum.. 


0 


308.2 


+108.0 


182 


308.2 


0.00 


2.6800 



This simplified approach is based on 


an odd 


number of 


years, 13 in this example. If 


we had 


an even number of years, the same procedure can 


be used with the following modification. 


Suppose 


we have 10 


years; then: 




Year: 


X Year 


X 


1959 


—4. 5 1964 


... +0.5 


1960 


—3. 5 1965 


... +1.5 


1961 


—2. 5 1966 


.. +2. 5 


1962 


—1. 5 1967 


... +.3. 5 


1963 


—0. 5 1968 


... +4.5 



Curvilinear Line * 

The basic formxda is F=o+6X+cY* 

The procedures for fitting a curvilinear line 
are shown in table C-2. Note that columns a 



> There are other venUons of the curvilinear line but this simple one will 
suffice for present purposes. For further Information see statistical texts 
such as: Mordecal J. B. Ezekiel and Karl Fox, Method$ of CorrdsHon and 
RegreBtion AnalytiB, John Wiley and Sons, New York, p. 77 ft; Samuel B. 
Richmond, Sfafisffcai Analytie, 2nd Ed., The Ronald Press, New York, 
pp. 358<>366, 1064. F. E. Croxton and D. J. Cowden, Practical Bu$ine$a Sta- 
tiHiCB (various editions). 



Table C-2 —Procedures for filling a curvilinear line lo elementary school enrollment data: 

United States, 1966 to 1968 



(a) 


(b) 


(0 






Y obsorvod 
(elementary 


Year 


X 


school 




enrollment, 
in millions) 



(d)=(bXc) ( 0 ) (0=(cXe) (g) 

XY X» X»Y X* 



(h) (l)=(c~b) 

Y observed minus 
Y calculated 

Y 

calculated DHTeronco DUToronco 
squared 





-6 


26.2 


-157.2 


36 


- 

1957 


-5 


27.2 


-136.0 


25 


195 g 


-d 


28.2 


-112.8 


16 


1959 

1900 


-3 

-2 


20 . d 
30.3 


-88.2 

-60.6 


9 

d 


1961 


-1 


30.7 


-30.7 


1 


1962 


0 


30.7 


00.0 


0 


1963 


1 


31.2 


+31.2 


1 


1964 


2 


31.7 


+63. d 


d 


1965 


3 


32.5 


+97.5 


9 


1966 


4 


32.9 


+131. 6 


16 


1967 


5 


33 .d 


+167.0 


25 


1968. 


6 


33.8 


+203.8 


36 



39S. ? +10S. 0 192 



9 d 3.2 


1290 


26. d 7 


-0. 27 


.0729 


680.0 


625 


27.30 


-0.10 


. 0:50 


d 51.2 


350 


28.20 


0.00 


.0000 


264.6 


8 i 


39.00 


+0.40 


.1600 


121.2 


10 


29. 71 


+0.59 


.3481 


30.7 


1 


30.39 


+0.31 


.0901 


0.0 


0 


31.01 


-0.31 


.0901 


31.7 


i 


31.58 


-0.38 


.iddd 


120.8 


10 


32.09 


-0.39 


.1521 


292.5 


81 


32.54 


-0.04 


.0010 


526 .d 


250 


32. 95 


-0.05 


.0025 


835.0 


025 


33.20 


+0.11 


.0121 


1216.8 


1290 


33. 59 


+0.21 


.0441 


5 Si 9.0 


d 550 


398.20 


0.00 


1. 1556 



through e are identical to those in table C-1. 
We then compute columns f and g and have; 

Sum Y—nct-^-h /Sum X-\rC Sum 
398.2=13a+0 6+182 c (1) 

Sum XY=a Sum X-{-b Sum X^-\-c Sum 

108.0=0 a+182 6+Oc (2) 

Sum X^Y=a Sum X^+h Sum X^+ c Sum X* 
5519.6=182 a+0 6+4550C (3) 

We then solve the equations os follows: 

6=108.0 divided by 182=0.593 

Divide equation 1 by 13: 30. 63=a+ 14.00 c 
Divide equation 3 by 182: 30.33=a+25.00 c 
Subtracting the second line from the first we 
have: 

0. 30= — 11. 0 c 
c= -0.0273 

a then equals: 30 . 63 — 14(—0.0273)=31.01 

We can now use these values to compute the 
calculated Y. 1956 thus equals: 

3 1 .0 1+ [0. 593(- 6)1 + [- 0.0273 (36)] =26.47 

We can project to 1975 os follows: 

31.01+[0. 593(13)]+[-0. 0273(169)1=34. 11 

Comparison of the Two Lines 

One way of estimating the goodness of fit of a 
line is to take the difference between the observed 
and calculated values, square, and sum. For the 



straight line the sum is 2.6890 and for the curvi- 
linear line, 1.1556. Dividing each by the number 
of years (13) and taking the square root we have 
0.455 for the straight line and 0.298 for the curvi- 
linear. Obviously the curvilinear line gives a 
better fit. 

When we compare the projections for 1975, 
however, the two lines give quite different figures. 
The straight line projects an enrollment of 38.34 
millions whereas the curvilinear line projects to 
34.11 millions of pupils enrolled in elementary 
school. Whichmay be morenearly correct? For a pos- 
sible answer we can turn to the U.S. Census Bureau 
projections for 1975 (Series P—25, No. 388) where 
we find: there were 40.2 millions of children aged 
5 to 14 in 1966; in 1975 there is expwted to be a 
maximum of 42.2 millions, and a minimum of 38.5 
millipns in this age. In light of the anticipated small 
population growth or possibly even decline, we 
think that the lower enrollment projection sup- 
plied by the curvilinear line may be more nearly 
correct. 

Triple Exponential Smoothing 
Introduction 

In chapter 7 a number of projections of local 
area shares of total State enrollment for Califorma 
were made tlwough the use of triple ex^nential 
smoothing. In this appendix we shall illustrate 
both the manual and computer mechanics for 
fitting this type of equation. 

The mathematics for multiple exponmtial smooth- 
ing is given m R. G. Brown, Smoothing, Forecastr 
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ing, anil Prediction oj Discreet Time Series, Prentice 
Hall, New Jersey, 1963. 

This type of equation can be fitted bj’ a com- 
puter or manuallj'. Considering the large amount 
of work involved, the former is preferable. 

The Computer Program 

The computer program shown is an IBM 
Application Program, System 1360 Scientific 
Subroutine Package (360A-CM-03X) Version 
III, Programmer’s Manual, IBM, Technical 
Publications Department, 112 East Post Road, 
Wliite Plains, New York, 10601. The reader who 
may wish further information may write to the 
Bureau of Applied Social Research, Columbia 
University; every effort will be made to supply 
such information applicable on an IBM 360 
computer. Following is the IBM description: 

Probhim Description . — Given a time series 
X, a smoothing constant, and three coefficients 
of the prediction equation, this sample program 
finds the triple e.\ponentially smoothed series S 
of the time series X. 

Program Description. — The sample program 
for triple exponential smoothing consists of the 
main progmm named EXPON, and one subroutine, 
EXSMO, from the Scientific Subroutine Package 

Capacity . — ^The capacity of the sample prog.ram 
and the format required for data input have been 
set up os follows: 

1. Up to 1,000 data points in a given time series 

2. (12F 6.0) format for input data cards 

Therefore, if a problem satisfies the above con- 
ditions, the sample program need not be modified. 
However, if there are more than 1,000 data points, 
the dimension statement in the sample main 
program must be modified to handle this particular 
problem. Similarly, if input data cards are pre- 
pared using a different format, the input format 
in the sample main program must be modified. 
The general rules for program modification are 
described later. i 

Input . — Control Card. — One con trol card is re- 
quired for each problem and is read by the main pro- 
gi'am, EXPON. This card is prepared as follows: 



Columns Contnnts somplo 

problem 



6 Problem number (moy be olpbomcric) Somplo 

7-10 Number of (Iota points In n given time series . , 0038 

1 1-15 Smoothing eonstan t, a (0.0<a < 1.0) o.l 

10-25 First eocfllelent (A) of tlio predletlon efinatlon 0.0 

26-35 Second eocfllelent (B) of tho prediction equation 0.0 

36-45 Third eoefllclent (C) of tho prediction equation 0.0 



Smoothing constant and three coeflRcients must be 
keypunched with decimal points. 

Leading zeros are not required to be key- 
punched. 

Data Card. — Time series data are keypunched 
using the format (12F6.0). This format assumes 
that each data point is keypunched in a 6- 
column field and 12 fields per card. 

Deck Setup. — The deck setup is shown in Figure 
62. (see p. 89) * 

Sample. — The listing of input cards for tho 
sample problem is presented in figure 63, p. 89. ‘ 
Output 

Description. — The output of the sample pro- 
gram for triple exponential smoothing includes: 

1. Original and updated coefficients 

2. Time series as input and triple exponentially 
smoothed time series 

Example. — ^The output listing for the sample 
problem is shown in figure 64, page 91.* 

Program Modification. — Program capacity 
can be increased or decreased by making changes 
in the dimension statement Input data in a dif- 
ferent format can also be handled bj’^ providing a 
specific format statement. In order to familiarize 
the user with the program modification, the fol- 
lowing general rules are supplied in terms of the 
sample problem. 

1. Changes in the dimension statement of the 
main program, EXPON : 

The dimension of arrays X and S must be 
greater than or equal to the number of data points 
in time series, NX. Since there are 38 data points 
in the sample problem, the value of NX is 38. 

2. Changes in the input format statement of the 
main progi’am, EXPON : 

Only the format statement for input data may 
be changed. Since sample data are three-digit num- 
bers, rather than using six-column fidds as in the 
sample problem, each data point may be key- 
punched in a three-column fidd and 24 fields per 
card. If so, the format is changed to (24F3.0). 

Operating Instructions. — The sample pro- 
gram for triple exponential smoothing is a standard 
FORTRAN program. Special operating instruc- 
tions are not required. Dataset 5 is used for input, 
and data set 6 is used for output. 

Timing. — The execution time of this sample 
program on a System/360, Model 30, using an 
IBM 2540 Card Reader as input and an IBM 1403, 
Modd 3 as output, is 12 seconds. 

> The Nos. 62, 63, Olid 61 used liero reflect the numbering of flgurcs In the 
odclnnl IBM document. 



Subroutine EXSMO . — This subroutine cal- 
culates a smoothed series Si, S 2 , . . Snx, given 

time series Xi, Xj Xnx and a smoothing 

constant a. Also, at the end of the computation, 
the coefficients A, B, and C are given for the 
expression A-{-BiT)-\-CiTy/2. This expression 
can be used to find estimates of the smoothed 
series for a given number of time periods, T, ahead. 

The subroutine has the following two stages for 

i=l, 2 NX, starting with A, B, and C 

either given by the user or provided uutomatically 
by th.e subroutine which follows: 

(a) Find St for one period ahead : 

S,=A-\-B-\-0.5C (1) 



(6) Update coefficients A, B, and C: 

A=A'i-h(l-a)M-S'i-XO (2) 

B=5+C7-1.5(a*)(2-a)(S,-A"0 (3) 

0=0-ic^)iSi-X,) (4) 

where a=smoothing constant specified by the user 

(0.0<a<1.0) 

If coefficients A, B, and C are not all zero 
(0.0), take given values as initial values. How- 
ever, if A=B=C=0.0, generate initial values of 
A, B, and C as follows: 



C—X\ — 2A2“1“A3 


(5) 


5= As- A, -1.5(7 


(6) 


A=Xi-B-0.5C 


(7) 





' Data , 
cards 


Control 

card 


/ 



^Last problem 







/OAtA 





)8 0*1 


i 


0*0 


A)0 


A2A 


A22 


AI9 


A)8 


AAI 


AA7 


A»» 


A7A 


AM 


AA) 


Air 


A72 


A70 







OeO 0*9 

AIA Al) AU A09 Al 

A»| AM AAA AAA A9 

A9| A92 A95 A8A A6 



AI7 


A22 


A30 


10 

20 

30 


AU 


A70 


A72 


AO 


A79 


A79 


A7A 


90 








AO 



Figure 63 
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Manual Application 

The manual application technique is illustrated 
in the following tables C-3 to C-9 inclusive. The 
original data are given in table C-3. The four basic 
steps which follow are: 

1. Solution of initial coefficients of the Triple 
Exponential Smoothing Prediction Equation. See 
table C-4. 

2. Derivation of initial set of smoothed series 
using Triple Exponential Smoothing Prediction 
Equation. See table C-5. 

3. Solution of updating equations to derive new 
sets of coefficients for Triple Exponential Prediction 
Equation. See table C-6 and C-7. 

4. Projection of Triple Exponential Smoothing 
Prediction Equation from year to year. See tables 
C-8 and C-9. 

Please note that to use the procedure, three 
initial data points are required. After solution 
of the initial sets of coefficient values, the pro- 
cedure consists of resolving the updating equations 
to generate new values of A, B and C. When the 
last possible repetition of the procedure has been 
completed, the Anal updated set of coefficients 
are projected the required number of time periods 
ahead to derive the enrollment share forecasts. 
The example shown uses a 0.50 smoothing con- 
stant. Different smoothing constants can be used 
on a trial and error basis until, empirically, a 
best smoothing constant for projection purposes 
is derived for prediction purposes. 



Table C-3. — /nput data for derivation of coefficients of 
triple exponential smoothing constants, example of Anne 
Arundel County, Md., 1966 to 1984: enrollment in public 
schools grades 1 to 4 proportion of total State enrollment 



Year; 

1956 

1957 

1958 

1950 

1960 

1961 

1962 

1963 

1964 

Source: Toblo E-1. 



Actual 

enroll^ 

mint 

sham 

. 0665 
. 0672 
. 0605 
.0719 
.0738 
. 0756 
.0762 
.0771 
.0811 



Table C-4. — Solution of initial coefficients of triple expo^ 
nential smoothing equation and first smoothed valuer 
based on input data shown in table CS, 

C- JT|-2Ara+ JTj Jfi-.oees, ;^a-.0672, Xim .0696 

X»Ai-.B-0.6C 



.0665-2(.0672) +(.0695) 
C».0665-.l344+.0695 
C».0016 

.0665-(-.OOI7) -(.0008) 
/1-.0674 



B= .0972- .0665- 1.5(.OOI6) 

Ba.0672-.0665-.0024 

Bb-.00I7 

5i«/l+B+0.5C 

S|».0674-.0017+.0008 

Si».0665 



Table C-5. — Derivation of initial set of smoothed series, 
based on data shown in tables C-S and C-4 



where: 

Exompic: 



B«/1+B7M- 



CTi 

2 



B»csttmotcs of the smoothed series for o given 
number of time periods T\ ohcod 



Bo«.0674+(-.00|7)(0)+ 

B«a.0674 

Bi».0674+(-.OOI7)(l) + 



00l6(0)» 

2 

.0016(1)> 



Bi«.0674-.0017+.0008 

Bi».0665 



Ba«,0674+(-.OOI7)(2)+* 



OOI6(2)» 

2 



Ba».0674-.0034+.0032 
Baa. 0672 



Table C-6. — Updating equations of triple exponential 
smoothing prediction equation, based on preceding tables 

(1) A^Xi^pKSi-Xi) 

(2) B«B+C-l.5a»(2-a)(S<-A'<) 

(3) 

where a Is the smoothing constant speciOod by the user 



Si is the smoothed A^ 
ond fl-1— a 


(0.0<«<l,0) 






Table C-7 . — Solution of updating 
exponential smoothing equation, 
tables 


equations 
based on 


of triple 
preceding 




Xt 

(1956) 


Xt 

(1957) 


Xt 

(1958) 


Anno Arundel County. 


.0665 


.0672 


.0695 


Anno Arundel County. 


El 


Et 


Et 


.0674 


.0605 


.0672 



a-.60 

/|a.60 

o)a.l26 

AmXx^-fi{8\-Xx) 

i4o-.0665+(.126)(.0000) 

i4o*B.0665 

Bo-B+C-1.6a*(2-a)(S|-A*'i) 

Bo- (-.0017) + (.00l6)-1.6(.25)(.0000) 
Bo— .0001 

Co-C-a*(Si-Ai) 

Co-.0016-(.126)(.0000) 

C 0 -.OOI 6 

... .00I6T* 
.0665- .00027+ — ^ — 

iS^-.0665» Bi-.0671» Ba-.0603 
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Taiii,b C-8- — Actual and smoothed values, based on tables 
C-3 to C-7 inclusive, example of Anne Arundel County, 
Md., 1956 to 1962, enrollment in public schools grades 
1 to 4 as proportion of total State enrollment 



Actual Smoothed Pereent 

Year enrollment enrollment error 

shares shares 



1056 0065 . 0065 . 0000 

1057 0072 . 0072 . 0000 

1058 0095 .0095 .0000 

1059 0719 .0730 .0017 

1000 0738 .0709 .0031 

1061 0760 .0780 .0030 

1002 0702 .0791 .0029 



Tahlk C-9. — Updated triple exponential prediction equa- 
tion coefficients, example of Anne Arundel County, Md., 
1956 to 1962, enrollment in public schools grades 1 to 4 
as proportion of total Stale enrollment 



Year 




A 


D 


C 


1950 




.OOG5 


-.0001 


.0010 


1957 




.0072 


.0015 


.0010 






.0095 


.0034 


.0010 


1959 




.0721 


.0041 


.0014 


19G0 ■ 




.0742 


.0039 


.0010 


1961 




.0700 


.0028 


.0000 






.0705 


.0010 


.0002 



Ficuiik64. — Output listing (triple exponential smoothing). 



TRIPLE EXPONENTIAL SMOOTHING SAMPLE 

NUMBER OF DATA POINTS 38 

0.100 

A B 

0.0 0.0 

484.80176 1.71309 

SMOOTHED DATA 
(FORECAST) 

430.00000 

426.00000 

422.00000 

418.00000 
414.29980 
410.23950 
407.08960 
404.66797 
402.22363 
401.25049 
402.64575 
405.61621 
410.71338 



441.00000 


417.46948 


447.00000 


423.99829 


455.00000 


431.18286 


461.00000 


439.43359 


453.00000 


447.87866 


448.00000 


452.21558 


449.00000 


454.10522 


454.00000 


455.80713 


463.00000 


458.54614 


470.00000 


463.30518 


472.00000 


469.06445 


476.00000 


474.09521 


481.00000 


479.11035 


483.00000 


484.38623 


487.00000 


488.94629 


491.00000 


493.50854 


492.00000 


498.05444 


485.00000 


501.66992 


486.00000 


502.12549 


482.00000 


502.44434 


479.00000 


501.16724 


479.00000 


498.92749 


476.00000 


496.84155 


472.00000 


494.00806 


470.00000 


490.30420 



SMOOTHING CONSTANT 
COEFFICIENTS 
ORIGINAL 
UPDATED 



INPUT DATA 

430.00000 

426.00000 

422.00000 

419.00000 

414.00000 

413.00000 

412.00000 

409.00000 

411.00000 

417.00000 

422.00000 

430.00000 

438.00000 



C 

0.0 

0.04166 
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Figure 04 — Continued 
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SAMPLE MAIN PROGRAM FOR TRIPLE EXPONENTIAL SMOOTHING-EXPON 
PURPOSE 

(1) READ THE PROBLEM PARAMETER CARD AND A TIME SERIES. 

(2) CALL THE SUBROUTINE EXSMO TO SMOOTH THE TIME SERIES. 

AND (3) PRINT THE RESULT. 

REMARKS 

A SMOOTHING CONSTANT SPECIFIED IN THE PROBLEM PARAMETER CARD MUST BE 
GREATER THAN ZERO BUT LESS THAN ONE IN ORDER TO OBTAIN REASONABLE 
RESULTS. 

SUBROUTINES AND FUNCTION SUBPROGRAMS REQUIRED 
EXSMO 

METHOD 

REFER TO R. G. BROWN. "SMOOTHING. FORECASTING AND PREDICTION OF DISCRETE 
TIME SERIES." PRENTICE-HALL. N.J.. 1963. PP. 140 TO 144. 



THE FOLLOWING DIMENSION MUST BE GREATER THAN OR EQUAL TO THE NUMBER OF DATA 
POINTS IN A GIVEN TIME SERIES. 

Dl M ENSION X(1000).S( 1000) 



FORMAT (A4. A2. 14. F5.0. 3F10.0) 

FORMAT (12F6.0) 

FORMAT (34H: TRIPLE EXPONENTIAL SMOOTHING. 

POINTS. 16/19H SMOOTHING CONSTANT. F9.3/) 

FORMAT (13H0C0EFFICIENTS. 9X. IHA. 14X. IHB. 14X. IHC) 

FORMAT (9H00RIGINAL. F19.5. 2F15.5) 

FORMAT (8H0UPDATED. F20.5. 2F15.5/) 

FORMAT (IHO. 27X. 13HSM00THED DATA/7X. lOH INPUT DATA. 12X. lOH (FORECAST) 1) 



, A4. A2//22 H NUMBER OF 1 DATA 



8 FORMAT (F17.5.8X.F15.5) 



READ PROBLEM PARAMETER CARD 

100 READ (5.1) PR.PR1.NX.AL.A.B.C 

PR PROBLEM NUMBER (MAY BE ALPHAMERIC) 

PRl PROBLEM NUMBER (CONTINUED) 

NX NUMBER OF DATA POINTS IN TIME SERIES 

AL SMOOTHING CONSTANT 

A.B.C. . ..COEFFICIENTS OF THE PREDICTION EQUATION 

WRITE (6.3)PR.PR1.NX.AL 

PRINT ORIGINAL COEFFICIENTS 

WRITE (6,4) 

WRITE (6,5)A.B.C 



EXPO 


10 


EXPO 


20 


EXPO 


30 


EXPO 


40 


EXPO 


50 


EXPO 


60 


EXPO 


70 


EXPO 


80 


EXPO 


90 


EXPO 


100 


EXPO 


no 


EXPO 


120 


EXPO 


130 


EXPO 


140 


EXPO 


150 


EXPO 


160 


EXPO 


170 


EXPO 


180 


EXPO 


190 


EXPO 


200 


EXPO 


210 


EXPO 


220 


EXPO 


230 


EXPO 


240 


EXPO 


250 


EXPO 


260 


EXPO 


270 


EXPO 


280 


EXPO 


290 


EXPO 


300 


EXPO 


310 


EXPO 


320 


EXPO 


330 


EXPO 


340 


EXPO 


350 


EXPO 


360 


EXPO 


370 


EXPO 


380 


EXPO 


390 


EXPO 


400 


EXPO 


410 


EXPO 


420 


EXPO 


430 


EXPO 


440 


EXPO 


450 


EXPO 


460 


EXPO 


470 


EXPO 


480 


EXPO 


490 


EXPO 


500 


EXPO 


510 


EXPO 


520 


EXPO 


530 


EXPO 


540 


EXPO 


550 


EXPO 


560 


EXPO 


570 


EXPO 


580 


EXPO 


590 


EXPO 


600 



O 

ERIC 
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Figure 64 — Continued 
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c 

c 

c 



SUBROUTINE EXSMJ 
PURPOSE 

TO FIND THE TRIPLE EXPONENTIAL SMOOTHED SERIES S OF 
THE GIVEN SERIES X. 

USAGE 

CALL EXSMO (X,NX,AL,A,B,C,S) 

DESCRIP^O^pOF PARAME'^^^^ NX CONTAINING TIME SERIES DATA WHICH IS TO BE 

EXPONENTIALLY SMOOTHED. 

AL — SMOOTHING*COnI^^ MUST BE GREATER THAN ZERO AND LESS 

THAN ONE 

A B C— COEFFICIENTS OFTHE PREDICTION EQUATION WHERES IS PREDICTEDT PERIODS 

A+B^+C.T.T/2, 

ASINPUT-IFA=B=C=0, PROGRAM will PROVIDE INITIAL VALUES, if at least 
ONE OF A.B.C IS NOT ZERO. PROGRAM WILL TAKE GIVEN VALUES AS IN ITIA^ 
VALUES. AS OUTPUT-A.B.C CONTAIN LATEST. UPDATED COEFFICIENTS OF 
PREDICTION. 



—OUTPUT VECTOR OF LENGTH 
SMOOTHED TIME SERIES. 



NX CONTAINING TRIPLE EXPONENTIALLY 



REMARKS 

NONE { 

SUBROUTINES AND FUNCTION SUBPROGRAMS REQUIRED 
NONE 

*'^^T!eFER to R. G. brown. 'SMOOTHING. FORECASTING AND PREDICTION OF 
DISCRETE TIME SERIES’. PRENTICE-HALL. N.J.. 1963. 

PP. 140 TO 144. 



SUBROUTINE EXSMO (X.NX.AL.A.B.C.S) 

DIMENSION X(1).S(1) 

IF A=B=C=0.0. GENERATE INITIAL VALUES OF A. B. AND C 

IF (A) 140. no. 140 
no IF (B) 140. 120. 140 
120 IF (C) 140. 130. 140 
130 C=X(1)-2.0*X(2)-PX(3) 

B=X(2)-X(1)-1.5*C 

A=X(1)-B-0.5*C 

140 BE=1.0-AL 

BECUB=BE*BE*BE 

ALCUB=AL*AL*AL 

DO THE FOLLOWING FOR 1 = 1 TO NX 

DO 150 1 = 1. NX 

FIND S(l) FOR ONE PERIOD AHEAD 

S(1)=A+B-|-0.5*C 

UPDATE COEFFICIENTS A. B. AND C 

DIF=S(1)-X(1) 

A=X(1)+BECUB*DIF 
B=b+C“1.5*AL*AL*(2.0-AL)*DIF 
15C C=C-ALCUB*DIF 
RETURN 
END 
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Appendix D 

ESTIMATE OF FUTURE POPULATION GROWTH BY 
SCHOOL DISTRICT, BUCKS COUNTY, PA.' 



Introduction 

This June, 1967 report on pros])ective popula- 
tion development of Bucks County, Pennsylvania, 
is the first of a series of working iiajiere jirepared 
for Bucks County Board of School Director to 
assist in the analysis of post high school educa- 
tional needs in the County. The data here will be 
used in conjunction with sam])le survey results 
concerning the present desires and aspirations of 
the County’s high school seniors and adults who 
may be interested in furthering their education 
beyond the high school level. The data will also be 
used to helj) make estimates of the costs and suit- 
ability of alternative methods of meeting the 
needs indicated in the sample survey results. It is 
anticipated that this planning effort will continue 
and that changing desires and aspirations will be 
combined with revised estimates of future growth 
periodically as additional information is revealed 
by the passage of time. 

In the preparation of this study, the Govern- 
ment Studies Center of the Pels Institute of Local 
and State Government at the University of 
Pennsylvania has served as consultants to Bucks 
County Board of School Directors. Govenunent 
Studies Center Personnel participating in the 
development of this research are John K. Ptwker, 
Manager of Systems Division, project supervisor; 
BOyd Z. Palmer, in charge of research design, and 
Arnold R. Post, who has developed these estimates 
of the County’s population growth. 

Summary of Expectations 

It is estimated that Bucks County’s population 
will increase to about 676,000 as of 1980 or by 86 
percent as compared to 1960’s population of 
309,000. An acceleration in growth is e.xpected in 



the 1970’s, which will be relatively intense in 
Middle Bucks County. 

Growth at the jiresent time is less intensive than 
it was in the 1960’s so that the present era is one 
of relative lull. The lull is associated ,with the 
present general shortage of young adults in the 
population, who were born in the 1930’s. The more 
intensive stages of growth in the 1960’s and in the 
1970’s and 1980’s are associated with the post war 
baby-booms, reflecting their maturity. 

The geographic pattern is an e.xtension of 
existing trends. In the 1960’s, County develop- 
ment was most intensive along Route 1 between 
Trenton and Philadelphia in Lower Bucks. During 
the 1960’s active development has tended to move 
out along Old York Road through Montgomery 
County and on to the Townships bounded by the 
Neshaminy in Middle Bucks. In the latter jiart of 
the 1970’s land for additional residential develop- 
ment will become scarce in Lower Bucks County; 
and the intensity of development will shift 
gradually towards the Bethlehem Pike by the 
1980’s and 1990’s in Upper Bucks. 

The figures in table D-1 {table numbers ours), 
represent preferred estimates which are related to 
expected trends in building develojiment. The 
detailed tables (D-14, D-16, D-16) indicate high 
and low estimates which, by 1980, have a range 
of about plus or minus 10% of these figures. 

Overall, the County gained about 42,000 house- 
holds in the 1960’s, and it appears that the gain 
will be about 30,000 households in the 1960’s. 
In the 1970’s, with housing demand increasing 
rapidly and with less space for it in the central 
portions of the Metropolitan Area, accelerated 
development is in prospect for near-by areas which 
still have space available. The gain in households 
for the 1970’s is assumed to be 60,000, which is 



I rrt|>ured by Oovenimonl Studios Coiilor, Pols Institute of Local and 
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Taui^k D-1. — Estimated total population 1900-1980 



[Tliousonds] 



Aren 


1900 


1905 


1970 


1975 


19S0 


Upper Bucks 


. 47.2 


51.9 


50.4 


04.7 


74.2 


Middle Bucks 


. 70.4 


91.5 


104.2 


137. 2 


177. 5 


Lower Bucks 


. 191.2 


202.7 


232.7 


274.3 


322.8 


County lolttl 


. 308.8 


340.1 


393.3 


476.2 


574.5 


School districts: 


1. Palisades 


9.3 


10.2 


10.8 


11.4 


1 


2. Quakcriown 


10.4 


17.2 


18.0 


21.3 


24.0 


3. PciiiiridRo 


.. 21.5 


24.5 


27.0 


32.0 


38. 1 


4. Central Bucks 


28.0 


35.0 


3&2 


48. 3 


C0.0 


5, New llopc-Solebury 


4.0 


4.3 


5.0 


7.2 


9.5 


0. Council Rock 


.. 13.5 


18.2 


20.1 


20.5 


34. 7 


7, CenteniiittI 


.. 24.3 


34.0 


40.9 


55.2 


73.3 


8. Ncsliaiiiiiiy 


.. 45.7 


49.2 


01.9 


75.5 


94. 9 


t). PiMinsbury 


42.5 


47.0 


53.8 


05.0 


78.0 


10. Morris villo 


7.8 


9.0 


9.4 


&9 


8. 5 


n. Bristol Township 


50.3 


58.3 


03.8 


09.9 


74. 7 


12. Bristol llorouRli 


.. 12.4 


12.0 


12.2 


12.7 


12.0 


13, Bcnsaleni 


.. 23.5 


25.4 


31.0 


42.3 


54. 1 



Tadlk 1)-2. — Estimate of senior class enrollments 



(public mul Private) 



Area 


1900 


1005 


1970 


1975 


1980 


Upper Bucks 


040 


890 


1,050 


1,100 


1,110 


Middle Bucks 


735 


1.380 


1.085 


2. 320 


2,000 


Lower Bucks 


l.tKM) 


3.035 


4, 125 


4,000 


4,840 


County total 


.... 3,305 


5,305 


0,800 


8, 080 


8,010 


School districts; 


1. Palisades 


100 


150 


195 


195 


180 


2. Quakertown 


240 


, 290 


335 


300 


300 


3. PenaridRe 


300 


450 


520 


545 


570 


4. Central Bucks 


300 


525 


570 


810 


900 


5. New llope-Solcbury 


40 


05 


90 


120 


140 


0. Council Rock 


150 


280 


375 


450 


520 


7. Centennial 


245 


510 


050 


940 


1,100 


8. Neslmininy 


455 


735 


1.070 


1,280 


1,420 


9. Peuusbury 


500 


095 


945 


1, 105 


1, 170 


10. Morrisville 


80 


140 


105 


150 


125 


II. Bristol Township 


595 


8!)5 


1,170 


1.190 


1, 125 


12. Bristol Borough 


125 


190 


230 


215 


190 


13. Bensalcin 


235 


380 


545 


720 


810 



equivalent to a full decade’s development at the 
peak rate established in 1966 when 5,969 units 
were authorized. A major dilfcrence, however,, is 
that, whereas 1966 saw authorization for many 
apartment units, single-family housing is expected 
to predominate again in the 1970’s, as it did in the 
1960’s. 

Tables D-2 and D-3 show estimates of senior 
class enrollments (in public and nonpublic school 
systems) and estimates of adults over 15 3 ’^ears of 
age and not enrolled in grades 1-12 for each of the 
school districts. To develop these estimates, esti- 
niates of the age distribution of the total County 
population were develoj)ed, as tabulated in the 
appendix, according to which estimates of Count}' 
total senior class enrollments and adults over 15 
were prepared. The estimates of these categories by 
school district were then derived in proi)ortion to 
the estimates of district total i^pulations. Again, 
preferred estimates are shown in the tables which 
follow. 

The above methodology does not take into 
account differences in age distributions among the 
district i)opulations; and it is assumed that the 
allowance for uncertainty in district totals is 
suflicient to provide an adequate range in the 
estimates of the seniors and the adults over 16. 
On the assumption that public senior enrollments 
in 1970 will amount to 90 percent of 1967’s ninth 
grade enrollments as reported through the office 
of the County Superintendent of Schools, pre- 
liminary figures for the districts were examined to 
see that the minimum growth allowance was more 



than sufficient to accommodate such a condition. 
Witli the assistance now being given to potential 
high school dropouts coupled with the intense 
publicity |)lacing a high economic value on a high 
school diploma, increases in holding power of the 
high schools are anticipated. In 1967, senior en- 
rollment is about 80 percent of 1963-64’s ninth 
grade enrollment in the public schools. 

One of the constraints on a small area’s popula- 
tion growth is the amount of land available for 
future residential development. Another is the 
intensity of residential development permitted by 
local regulations on this land. In 1959, the Bureau 
of Economic and Business Research of the School 



Tadlk 1)-3. — Adults over 15 not cnrrdled in grades 1-18 
(Tliousaiids) 



Area 


1000 


1905 


1970 


1975 


1980 




27.9 


31.1 


34.4 


4a 1 


46.1 


\f MUIn Bucks 


41.0 


51.9 


63.0 


85.2 


111.8 




112.9 


121.7 


141.0 


170.1 


203.3 


County total 


182.4 


207.7 


239.0 


295.4 


361.2 


School district: 

1. Palisades. 


5. 5 


0.1 


0.0 


7.1 


7.6 


** Oiinkcrtow’il .......... 


9.7 


10.3 


11.3 


13,2 


15.1 


a tVniiridsc 


12.7 


14.7 


16.5 


19.8 


23.4 


i fViitrfll llucks^...u. .. . • 


10.9 


21.0 


23.3 


30.0 


37.8 


5. NcwUo|MySolcbury... 
A Coiiiicll Rock.. ....*..• 


2.4 

ao 


2.0 

10.9 


3.0 

12.3 


4.5 

16.4 


6.0 

21.8 


7 r*ciiteiinial . 


14.3 


2a4 


25.0 


34.3 


46.2 


8. Neslioininy 


27.0 


29.5 


37.8 


46.8 


50.8 


n Peiiiisburv . 


25.1 


28.0 


32.8 


4a 3 


40.2 


10. Morrisville 


4.6 


5.8 


5.7 


5.5 


5.4 


U. Bristol Township 

12. Bristol Borough 

13, llensaleni 


35.0 

7.3 

13.9 


35.0 

7.0 

1Sl2 


38.9 

7.4 

19.3 


43.3 

7.0 

26.3 


47 0 
7.0 
34.0 
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of Business and Public Administration at Temple 
University prepared an estimate of future popula- 
tion growth for Bucks County Planning Coniniis- 
sion “Bucks County population estimates for the 
years 1966, 1980, 2010.” Part of this study was 
devoted to an analysis of available land capacity 
as controlled by the zoning ordinances then in 
effect. These findings ha\'e been adopted in this 
.study, at least, as an indication that the growth 
anticipated is feasible. There are three e.\ceptions 
to this general statement. In Morrisville Borough, 
authorizations since 1960 have e.xceeded the 
capacity of the 1959 zoning ordinance; and 
allowance for 25 additional dwellings has been 
made arbitrarily. No allowance for apartment 
development is evident for Bristol Township in 
the 19.59 study and apartment development has 
occurred there since 1960 at a significant level. 
The capacity in 1969 was for about 6,000 addi- 
tional units; an e.\pectation of 7,600 has been 
incorporated here. In the summary tables of the 
1959 report, no indication was found of dwelling 
unit capacity in Newtown Township and an 
arbitrary allowance for 15,000 units has been 
made, comparable to the allowance indicated for 
Wrightstown Township. (Table D-4.) 

It should be noted that dwelling unit capacity 
figures are dependent on a certain “faith in 

Tahlk D-4 . — Ulilizalion of land capacity 1960-1980 



(Thousands of dwellings) 



Area 


Avail- 

able 

capacity • 
10601 


Housing supply 
increments 


Percent 

capacity 

utilited 


Capacity 

remain- 

ing 




1960-04 


1060-80 


Upper Ducks 


120.0 


2.0 


11.0 


7.8 


115.0 


Middle liucks 


150.5 


6.6 


37.7 


22.6 


112.8 


hoWQT Bucks 


50.1 


5.7 


5a3 


05.0 


(») 


County total 


335.6 


14.3 


90.0 


30 


(») 


School districts: 


1. Palisades 


43. 


0.4 


1.4 


3 


41.6 


2. Quakertowii 


34. 


.5 


3.2 


8 


30.8 


3. Pennridgo 


49. 


1.1 


6.4 


12 


42.6 


4. Central Bucks 


50. 


2.0 


11.1 


17 


47.0 


5. New Hope- 


6.5 


.1 


1.0 


26 


4.6 


Solebury. 


6. Council Rock 


63. 


1.4 


7.5 


0 


55.5 


7e Centennial 


22. 


3.1 


17.2 


71 


4.8 


8. Neshamlny 


20. 


1.6 


17.0 


82 


3.0 


9. Pennsbury 


16 


1.8 


13.5 


81 


1.5 


10. Morrisville 


• 5 


.6 


*.7 


(») 


(*) 


lie Bristol Township... 


5. 


.6 


>7.6 


(») 


(*) 


12. Bristol Borougli 


.6 


2 


.6 


100 


0 


13. Bensalem 


18. 


.9 


10.0 


65 


7.1 



I School of Business and Public Administration, Temple University, loso. 
s Not available. Apartment development in Bristol Township and Morris- 
ville Borough has mode these capacity figures obsolete. 



princes” yet to rule; nnd it is not uncommon for 
the capacities implied by early zoning ordinances 
to be lower than capacities allowed under later 
ordinances when patterns of development have 
become more clearly defined. It may also be 
noted that the 1959 estimates of total County 
grow'th and Metropolitan Ai’ea growth as of 1980 
are in substantial agreement with the estimates 
developed for this study. A population of 5.8 
million is e.\pected in the Metropolitan Area in 
both cases. A County population of 668,000 is 
indicated for Bucks County in the Temple 
University Study, which is within the range of 
uncertainty about the estimate of 574,500 pre- 
ferred Jis the result of this analysis. The County 
Planning Commission’s current estimate for 1980 
population is 539,650, also within the range of 
uncertainty given here but closer to its lower 
limit of 616,000. 

The distribution of expected housing increments 
is shown in table D-5 both in absolute numbers 
and as a percentage of total County development. 



Tahlk D-5 . — Housing increments, 1950-1980 
[Tliousands] 



* School district 


Units 

1930-00 


Units 

1060-70 


Units 

1070-80 


Num- 

ber 


Per- 

cent 


Num- 

ber 


Per- 

cent 


Num- 

ber 


Per- 

cent 


Palisades 


400 


1 


700 


2 


700 


1 


Quakertowii 


080 


2 


1,100 


3 


2,100 


3 


Pennridge 


.... 1,340 


3 


2,200 


6 


4,200 


6 


Upper Bucks County. . . < 


.... 2,810 


6 


4,000 


12 


7,000 


10 


Central Bucks 


.... 2.720 


6 


3,300 


10 


7,800 


12 


New llope-Solebury 


370 


1 


400 


1 


1,500 


2 


Council Rock 


.... 1.770 


4 


2,300 


7 


5,200 


8 


Centennial 


.... 4,060 


0 


5,500 


17 


11,700 


18 


Middle Bucks 


.... 8,020 


20 


11,300 


35 


20^200 


4U 


Neshamlny 


.... 8,570 


10 


6,000 


18 


11,000 


17 


Pennsbury 


... 8.870 


20 


4,500 


14 


0,000 


14 


Morrisville 


600 


1 


700 


2 


0 




Bristol Township 


.... 11,620 


26 


3,000 


0 


4,600 


7 


Bristol Borough.. ^ 


280 


1 


300 


1 


300 




Bensalem 


... 3,300 


7 


3,000 


0 


7,000 


12 


Lower Bucks 


... 33,240 


74 


17,500 


53 


32,800 


50 


County total 


... 44,070 


100 


33,000 


100 


60,000 


100 



Methodology 
A Note on Method 

This estimate of population growth by school 
district in Bucks County depends on a methodol- 
ogy which is still under development but is con- 
sistent with results produced by s|)ecial censuses 
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taken in Bucks County since 1960. The basic 
variable considered is the relative increase in 
houseliolds to be expected in tlie Metropolitan 
Aren in tlie decades of tlie I960’s and 1970 s. The 
princi|)al liy|X)tlieses liave to do witli tlie statistical 
dependence of population growth on housing 
growth by small area. Research bas^ on all the 
niunici|)al areas in the Philadelphia Standaid 
Metropolitan Statistical Area outside of Phila- 
delphia proper has revealed a reasonably simple 
relation which was very accurate between 1960 
and 1960. Continuing research indicates that the 
form of this rdation may be stable and that its 
coefficients may be predictable according to varia- 
tions in rates of household increase. 

Customary analysis considers three components 
of population: (1) an initial population, (2) the 
natural increase or surplus of births over deaths 
associated with that population, and (3) a net 
migratory increase. In this study, the analysis 
concerns itself with tw'o components: (1) initial 
population and (2) marginal increase per house- 
hold. In neither analysis, is it possible to make a 
count of people or houses and assign the individ- 
uals uniquely to the analytical categories. A person 
moved aw'ay or a house demolished is replaceable by 
any (rather than some particular) person moving in 
or house newiy built; and one must deal in both 
cases, with patterns and equivalents rather than 
the fate of individuals. 

The methodology here employed is thought to 
mark an improvement over customary- methods. 
Houses are ampler to anticipate than people pri- 
marily because they are precisely located, for the 
most part, in a permanent fashion, and they are 
not self generating. In addition, there are few'er 
analytic categories to deal with, and the results 
conform wdl with other findings. 

Housing vs. Population 

People need housing, but the economy is 
exacting enough so that builders cannot supply 
housing in cardess abundance. Under conditions 
of adequate economic development, wiiich are 
assumed, an e.\isting housing supply will not 
become overcrow'ded; however, as new' families 
emerge from the old housing supply, their choice 
of w'herc next to live will be restricted to areas 
w'here housing is available to them. Although 
individual builders will make some mistakes in 
estimating prospective demand for the houses they 
build, the industry as u whole will not persist in 



providing houses in areas w'here builders’ expecta- 
tions are not reali^sed and actual new' housing 
goes unw'anted. 

A given five year age gi'oup will use its largest 
number of housing units w'hen it is 45-49 years 
old. Past that age, increases in the death rate w'ill 
more than make up for increases in the household 
headship rate. Table D- 6 indicates approximate- 
ly how' many household heads (or households) 
are to be expected from an age group numbering 
1,000 at age 16 to 19 and it will be noted that al- 
most 95 percent of the peak demand is exerted 
W'hen the age group is 30-34 years old. The 
estimates are based upon average survival rates 
and average percentages of household headship. 

Taiilk D-0. — Prospective housing demand of 1,000 IS- to 
19-year-olds 

][ousing Incrcoso I’crcont of 
units maximum 



First dcinond (15-10) 10 1® 

After 5 ycors (20-24) 200 100 45 

After 10 yeors (25-20) 360 160 W 

After 15 years (30-34) 416 47 04 

After 20 years (35-30) 434 28 08 

After 25 yeors (40-44) 444 10 100 

After 30 years (45-40) 445 1 100 

After 35 yeors (60-54) 431 -14 07 

After 40 yeors (55-69) 300 -32 00 

After 100 yeors 0 -300 0 



A population, of course, consists of people of all 
ages. It is clear from the above, however, that 
peiiods of rapid housing increase w'ill coincide w'ith 
periods w'hen relatively large numbers of people 
are in their twenties and early thirties. For this 
reason, more persons are to be e.\pected per added 
household in decades when households are being 
added rapidly than w'hen net household increase 
is slow'. 

The age distribution of the United States pop- 
ulation is very irr^ular and that of the Metro- 
politan Area is also irregular. These irregularities 
now' have a long history dating back to the 1920’s 
W'hen large scale immigration to the country was 
brought to a halt and the baby-boom of that time 
created a high potential for housing demand in 
the 1950’s. The low' birth rates of the 1930’s were 
partly due to the depre.ssion but also to the 
absence of young adidt immigrants. Although 
there has been nothing comparable to the Great 
Depression since World War II, the scarcity of 
young adults in the I960’s has been sufficient to 
low'er the rate of housing devdopment and to 
induce an echo of the low birth rates of the 1930’s. 
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nil echo which has perhaps been amplified by the 
development of new means of family jilanning. 

The baby-boom following the second world war 
persisted until about 1960; and those born at the 
beginning of the jienod will enter the traditional 
house-buying age-groups in 1971 and thereafter. 
The last of them will not leave these age gioups 
until about 1996. In the latter part of the 1970’s, 
the house-buying age groups will still be growing 
so that record levels of single family housing con- 
struction may well be expected in suburban 
areas. The alternative would be misery. Variations 
in the decennial rates of household increase can 
thus be anticipated with a good degree of con- 
fidence. After the present lull, the number of 
householders will increase more rapidly during the 
1970’.s. 

In the 1960’s, households in the Metropolitan 
Area increased by about 24 j)ercent. Housing con- 
struction so far in the present decade indicates a 
likely gain of about 19 or 20 j)ercent ; and a growth 
rate of 23 percent is anticipated in the 1970’s. 
Since the provision of additional housing is be- 
coming more and more of a suburban j)henomenon, 
the impact of heightened building activity will be 
greater in suburban areas. In the 1960’s, about 
42,000 additional families took residence in Bucks 
County; and it seems likely, with the decade now 
two-thirds gone, that the County’s increase will 
total about 30,000 families for the 1960’s. An 
estimate of 60,000 additional householders in the 
County for the 1970’s seems within the realm of 
likelihood. 

On this basis, it is estimated that the County’s 
population in 1980 will be about 575,000, a figure 
in substantial agreement with Delaware Valley 
Council’s estimate of 611,000 for 1986 and in the 
upper part of the range of 442,400 to 671,600 
estimated in 1969 for the County Planning Com- 
mission by Temj)le University’s School of Business 
and Public Administration. 

Small Area Considerations 

Census tracts are small areas having an average 
population of about five or six thousand persons. 
They are defined by the Bureau of the Census to 
coincide with municipal boundaries. There are 86 
census tracts in Bucks County which may be 
combined to conform with the boundaiies of the 
County’s 54 municipalities. On the basis of actual 
changes reported for the decade of the 1960’s, 1960 
census tract populations may be estimated in 



proportion to the size of their 1950 populations and 
to their changes in housing supply or households. 
In the estimating equation below, ^’60 stands for 
a tract’s 1960 household population, ''50 is the 
household population for the tract in 1960 and 
(dX) indicates the change in the number of 
occupied dw'ellings or households: 

''60=.88''50-h4.1(d.A)-15 

In 96 percent of the metropolitan area’s 427 
census tracts outside of Philadelphia, such esti- 
mates are accimite to within 360 pei-sons and the 
coefficient of multiple correlation is better than 
99 j)ercent, ovendl. The above formula applied to 
data for Bucks County as a whole yields an esti- 
mate of 303,100 persons in the County’s house- 
holds as of 1960. The reported figure was 304,900, 
for an error of 1,800 persons, or about 0.6 percent. 

Research based on national census returns 
since 1910 yields an indication that the comparable 
relationships appropriate for household growth 
rates of 20 and 23 percent, as estimated for the 
metropolitan area in the 1960’s and 1970’s, are 
consistent with the following formula: 

''70=.97 ''60-h2.80 (dX) 

''80= .91 ''70-h3.75 (dX) 

Short Time Considerations 

In order to estimate population growth over a 
part of a decade adjustment of the estimating 
formulas has to be made. The coefficient of initial 
population (.88 in the formula for 1960 popula- 
tions) clearly is time dependent. If it were em- 
ployed to estimate a 1961 population based on a 
1960 census report, it would imply a decimation of 
the population as if the census takers had carried 
the plague. The coefficient should bo very close 
to 100 percent for any estimate applying to a year 
after the most recent count. Assuming a steady 
rate for the emergence of population out of the 
census year housing supply, one can adjust the 
coefficient by taking the n/'lOth root of the value 
expected for 10 years later, i.e. for 1966 the ^ 
root or square root of .970 would be appropriate. 

The coefficient of persons per added dwelling 
also should also be adjusted; and a linear inter 
polation between the decennial values (4.1 and 
2.8) for the 1960’s produces the following cor- 
respondence with the special censuses that have 
been taken in the County since 1960 as shown in 
table D-7. 



Taiii,k )>7. — Comparison of special census reports wilh 
populations cstimalcd on the basis of building permit 
reports and 1060 census reports 



Ycorof 

Census 


MunIcIpoUly 


Population 


Error 


Estimating 

eoelllelenl 


Census 


Kstl- 

iimto 


Num* 

ber 


Per- 

eent 


m 


{(IX) 


1003.... 


Nortlihaniptoii 

Township. 


8.402 


8.355 


107 


1.3 


.991 


3.71 


1964.... 


Falls Township 


31. 152 


32.000 


-908 


-2.8 


.988 


3.58 




Lower Mokefleld 
Township. 


10.035 


10.520 


115 


1.1 








Worm luster Townslilp. 


24.110 


23.210 


900 


3.9 








Warrington Townslilp. 


4.907 


4.825 


82 


1.7 




3.45 


1005.... 


Lower Southompton 
Township. 


14.003 


15.200 


-057 


4.3 


.985 


1906.... 


Northoinptou 

Township. 


11.309 


0.900 


1.409 


14.9 


.982 


3. 32 




Solobury Township . . . 


3.080 


3.420 


-334 


-0.8 








Upper Southampton 
Township. 


11.494 


10.090 


804 


7.5 






Total 


119.824 


118.240 


1.584 


1.3 







Except for Nortlinmpton Township (1966) the 
errors of estimate are tolerable (table D-8). 
Although the overall bias of 1.3 percent is small 
it will be noted that the iwrcentage error’s are 
noticeably lai’ger at the end of the period. It is 
possible to adjust the estimating equation for the 
decade to coirespond more accurately with the 
special census results and this has been done 
although there is some danger in this procedure 
since the communities seeking special census are 
niiytliiiig but a random sample of all the munici- 
palities in the county. Since there is no advantage 
to having a special census taken unless a popula- 
tion increase b thereby established, special census 
are a characteristic of intensively developing 
areas. It would also be possible to adjust the 
estimate of dwellings added to secure nn improve- 
ment in correspondence; however, this information 
is more highly pertinent to the situation in the 
county than the general considerations based on 
analysis of the national census returns since 1910. 
In short, it seems more reasonable to depart from 
theory with respect to the national returns 
although the pairing of the coefficients is based on 
this research. The estimating equation for 1970 
population has therefore been adjusted to conform 
with the special census returns and reads as 
follows: 

^70=. 90 ^60+3.85 {dX) 

The adjustment has reduced the overall bias 
to less than one percent and the absolute value 
of the percentage deviations has become a more 



simple and less variable function of time. The 
dilTorence in estimating equations affects the 
distribution of estimated |)opulaticn in the County 
more than it docs the estimate of total County 
|)opulation. The original formula leads to an esti- 
mate of 341,000 for the County’s 1965 population 
and 384,000 for 1970. The revised formula leads 
to estimates of 346,100 and 393,500, respectively. 

Stability and Growth 

These relations have certain important impli- 
cations regarding the nature of j)atterns of de- 
velopment in small areas. The most striking, 
perhaps, is that in periods of rapid housing d^ 
velopment, small arcivs which don’t receive their 
“share” of development, will tend to lose popula- 
tion; while areas receiving more than their “share” 
will tend to grow more i’aj)idly than the general 
County average of 3.4 persons per dwelling might 
indicate. As new houses are built and occupied, 
some of the population moving into them moves 
out of the old housing supply. The more rapidly 
now housing is occupied, the greater will be the 
proportion of population moving out of the old 
housing to take advantage of it and the younger 
will be this population so that, over the course 
of a decade, with children and all, the greater will 
be the number of persons per added dwelling. 

The relative growth of the housing supply, 
however, has to be judged on a region^vi basis. 
If many houses are added to the supply of a 
l)articular township, they will bring in relatively 



Taulk D-8. — Errors of cstimale, 1963-1966 



Speelol Census year ond 
munlelpailty 




Population 




Estimating 

eoefllelent 


Re- 

ported 


Estb 

mated 


Error 


Pereent 

error 


^60 


idX) 


1003: 










.97 


4.025 


Northampton 

Township. 

1004: 


8»462 


8,440 


?2 


a26 


Falls Township 


3M52 


31,020 


-408 


-1.48 


.958 


4.000 


Lower Mokefleld 
Township. 


10,035 


10,510 


125 


1.19 . 






Warminster Township.. 


24, no 


23,570 


540 


Z32 . 






Warrington Township.. 
1905: 


4,007 


4,790 


117 


Z44 . 




3.975 


Lower Southampton 
Township. 

1006: 


14,603 


15,210 


-607 


-3.99 


.947 


Northampton 

Township. 


11,309 


10,400 


909 


9.32 


.938 


3.950 


Solebury Township 


3,060 


3,380 


-204 


-8.69 . 






Upper Southampton 
Township. 


11,401 


10,700 


704 


6.52 . 






Total 


119,824 


118,710 


1,114 


ao4 . 
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fewer ])eo|)le If household development is gener- 
ally slow in (he region. It is likely that in times of 
relatively slow growth, the units added am more 
apt to be apartments than single family units, 
jis has been the case over the ])ast several years. 

It is al.so to he observed, that even though 
12,000 units were added to the 84,000 units 
already in Bucks County between 1900 ami 1964, 
the trend in school enrollments which was implied 
by the 1960 Census report has scarcely been 
altered for the County as a whole. The gain in 
enrollments 1960-65 can be quite adequately 
explained by the large munber of O-4-yem’-old 
county rc.sidcnts counted in 1960. Immigration 
to one district has been offset by outmigration 
from another. Even 6,000 units added in the 
1950’s would have made a substantial difference 
in the school enrollment trend. The school en- 
rollment trends referred to include public and 
private school reports, at the elementary level. 

It is an open question whether there is any such 
thing ns a purely local trend in the development of 
a small area’s population. The population growth 
of a small area ap|)ears to depend not only on the 
growth of its own housing supply but also on the 
provision of housing in many, many other small 
areas. It is also worth noting that the relation 
derived from the 1960 and 1960 data applied very 
uniformly by small area where the small areas 
comprised a region of roughly 50-mile radius and 
included slums, suburbs and farmlands with di- 
verse racial and economic characteristics. The 
formulc. did not apply particularly well to some 
25 of the 427 census tracts studied though it did 
apply well to areas ranging in population from 
142 on the riverfront in the City of Chester, where 
a net loss was registered, to nearly 60,000 (Bristol 
Township). 

There is also an implication for communities, 
large and small, which have reached the geographi- 
cal limits of their potential housing development. 
Such communities stand to lose population in the 
next succeeding period of generally rapid housing 
growth simply for lack of additional building space 
within their own boundaries, though the rate of 
loss will depend on the rate of new development 
elsewhere. To illustrate, it is reasonable to expect 
that present housing construction in Middle 
Bucks County is attracting some population flow 
from Lower Bucks to Middle Bucks, even though 
Lower Bucks is still undeigoing development at 
this time. 



The po|)ulation expected in the Metropolitan 
Area, in Philadelphia and in Bucks County as of 
1970 is shown in table D-9 as compared with 
the reported |x)pulations for 1950 and 1960. It will 
be noted that the Metropolitan Area total has 
been gaining fairly steadily while the two Counties 
have shown separate surges, Bucks County in (he 
1950’s and Philadelphia County in the I900’s. 
These patterns of growth are implicit in the esti- 
mating equations employed. The coefficient of ini- 
tial population is of primary importance in areas 
with large population while the coefficient of added 
households is of primary importance where changes 
in the housing supply are of greater importance. 

As long as Philadelphia represents an important 
source of population for the suburban counties 
growth, it is I’easonable to expect the rates of gain 
for the two classes of counties to be out of phase. 
It is worth noting that the 1965 estimate of popu- 
lation for the Metropolitan area by this method 
comes to 4,604,000 as compared to a Census 
Bureau estimate of 4,667,000, a difference of about 
1.5 percent. 

Application of Method to Bucks County 

In order to use this method of population esti- 
mation, it is necessary to develo]) information 
on the growth of households in each small area. 
These data are not reported directly; however, in 
Bucks County, all municipalities except for the 
rural townships in Upper Bucks County report 
to the State Department of Labor and Industry 
the munber of dwelling units authorized by 
building ])crinit each month. In the rural Town- 
ships, it is required that subdivision plans be 
submitted to the County Planning Commission 
which keeps a record of the number of lots in 

Taulk D-9 . — Regional population growth 



rSMSA 1 Philadelphia County Dueled County 



Year 


Population 


Percent 

decade 

Increase 


Percent 
Population increase 


Percent 
Popubtion increase 


1950 


. 3,671,000 


15 


2,072,000 


7 


145^000 


35 


I960 


. 4,342,000 


18 


2,003,000 


-3 


309,000 


113 


1070 


. 4,930,000 


14 


’2,091,000 


+4 


>393,300 


27 



t Philadelphia Standard Metropolitan Statistical Area. 

> An enrollment study for Philadelphia completed in April lOGO indicates 
that the City's gain in households is loss tlian that derived from its building 
statistics in tlio early part of the decode. Accordingly, it is believed tliat the 
City's population os of 1970 will number about 1.9 million, rather than the 2.1 
million shown above. 

> Further research completed in 1968 for Ducks County, which allocated 
nonpublic school students by public school district of residence, revealed a 
substantialudditionalnumber of Ducks County pupils in nonpublic schoob 
near but not within theCounty . It b accordingly estimated that the County's 
1970 population will bo in the neighborhood of 410,000 persons 



o 

ERIC 



100 



113 



approved subdivisions. These are tlie sources of 
inforinalion lliat liave been used in tliis analysis. 

Between 1950 and 1960, oliange in Die number 
of dwelling units correlated positively with size 
of the 1960 household population, the correlation 
being higher between these variables than be- 
tween the 1950 and 1960 populations themselves. 
During the 1950’s the reports of the Department 
of Labor and Industry indicate that 61 percent 
of the State’s gain in dwelling units (as reported 
by the Census) was renorted ns authorized units 
by a variable set of municipalities which had 64 
percent of the State’s population in 1960. From 
this, it is assumed that reports to the State may 
have nn accuracy of 95 percent, and this estimate 
of accuracy has been applied to the reports from 
Bucks County municipnlities since 1960. For the 
northern rural Townships, a rough and ready 
comparison of subdivision activity and dwelling 
unit authorizations has led to the rule of thumb 
that housing supply growth is 1.5 times the number 
of lots reported in approved subdivisions. 

Gains in total housing supply tend to e.Kceed 
gains in occupied housing. In the metropolitan 
area the gain in occupied dwellings was 88 per- 
cent of the gain in total dwellings between 1950 
and IbGO. In the suburban counties the percentage 
was about 95 percent, while in Philadelphia, the 
percentage was only 63 percent. Since 1960 in 
Bucks County, it has been assumed to be 90 
percent. 

These figures taken in conjunction with the 
1960 Census reports provide the information 
necessary to make current estimates of population 
for the County’s municipalities. 

School Enrollments 

It has been noted that the addition of some 
12,000 housing units to the County’s housing 
supply from 1960 to 1964 hasn’t made much 
difference to the school enrollment trend since 
1960. The preschoolers of 1960 were sufficient 
to account for the reported gains. This observation 
is based on the following analysis (table D-lO). 

’rhe above estimating percentages are derived 
from n cross tabulation published by the Census 
for the State ns a whole indicating school enroll- 
ment by single grade and age distribution by 
single year. The enrollment shown for 1959-60 
is that reported by the Census for Bucks County 
and is slightly higher than the comparable figure 
reported by the schools surveyed for this study. 
It is likely that some County residents attend 



Taulk D-10 . — Enrollmcnl growth, grades 1-18, 1960 and 
1966,adnal and cslimalcd under conditions of no migration, 
Bucks County 



Ago 

groups 

(lUGO) 


Populotion 


rcrcont 

enrolled 


Enrollment Survivors 
(lUCO) (ItNU) 


rercmit 

enrolled 


Enrollment 

dues) 


(H 


43,834 


0 


0 


43,700 


75 


33,800 


6-U 


38, 616 


75 


20,000 


38,400 


08 


37,600 


10-14 


30,365 


08 


20,760 


20,760 


72 


« 21, 400 


16-10 


10,218 


73 


13,850 


10, 150 


o 


380 


20-34 


13,403 


2 


370 


13,300 


0 


0 


Totol Enrollment 












Kstiinotcd 




. 72, 870 . 






. 02,180 


Actuol (U.S. Cch:us)... 


. 72,083 


(School rci>orts) 


. 80,602 



schools not in the County, which would e.\plain 
the difference. The increase shown over the 5 
years in the youngest cohort (0-4, 1960) takes 
some account of census underenumeration of 
small children. The declines in the other cohorts 
are attributable to deaths. No allowance has been 
made for migration. The narrow difference be- 
tween estimate and report for 1964-65 indicates 
that little allowance should be made for net 
migration in the school age groups at the county 
level. 

The major trend 1960-65 in school enrollments 
has had to do with aging of the resident popula- 
tion. A matter of considerable secondary import- 
ance is an indicated attrition of enrollments in the 
parochial school system. Between 1964 and 1965, 
enrollments in second to eighth grades numbered 
about 1,100 pupils fewer than the preceding 
year’s enrollments in first to seventh grades. 

Parochial school enrollment data have not been 
made available past the academic year 1964-65 
and only the County total is available, not the 
distribution by public school district. (Parochial 
school districts don’t coincide with public school 
districts.) In addition demographic analysis of 
each school district would require an undue effort 
relative to the other work which has to be done in 
this study. However, by comparing the first, second, 
and third-grade enrollments in the public schools 
for 1961-62 with the sixth, seventh, and eighth- 
grade enrollments for 1966-67, one can obtain an 
impressionistic picture of the likely trends of mi- 
gration within the County over the past 5 years. 
In a stable situation some small attrition is to be 
expected (table D-11). 

Districts gaining noticeably faster than the 
county average may be assumed to be experienc- 
ing some in-migration. The nature of migratory 
experience in the other districts is not established 
by this analysis; small gains may indicate transfers 
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Taulk D-11. — Public school enrollments, 1962 and 1967 



Enrollment, Enrollment, Coin, 10% 
1002,grodes 1067, grades or more 
1, 2, ond 3 0, 7, ond8 



1. Palisades 




434 


2. Quakertown Community 


923 


010 


3. Pennridge 


1.2G1 


1,276 


4. Central Bucks 


1,064 


1,992 


5. New llopo-Solcbury 


201 


103 


0. Council Rock 


801 


1,222 


7. Centennial 


1,053 


2,039 


8. Ncsliamlny 


2,430 


2, 821 


9. Pennsbury 


2,531 


2,703 


10. Morrlsvlllo 


2C5 


321 


11. Bristol Township 


3,490 


3,224 


12. Bristol Borough 


422 


440 


13. Bcnsalcm Township 


917 


1,035 



20 



37 

23 

10 



12 



13 



Total. 



17,088 18,070 0 



from the i)rivate school systems while small losses 
may be explained by the death rate. 

The population enrolled in school lies in the age 
group 6 to 34. To estimate the number of adults 
over 16 not enrolled in the grades, reference was 
made to the State cross-tabulations referred to 
above to determine percentages which might be 
applied to the estimated age distributions of 
Bucks County’s population. The resulting esti- 
mates of County total were then prorated among 
the school districts according to district impulation 
estimates. Estimated age distribution for the 
county are shown in the appendix. Adults, 16 years 
and o\w, not enrolled in the grades range between 
59 and 62 percent of the County’s population on a 
rising trend. The trend in senior class enrollments 
as a ijercentage of county population is tabulated 
in table D-12. 

Uncertainty 

The County’s total population as of 1980 has 
been estimate at 676,000 plus or minus 60,000, 
roughly 10 percent of the total or 30 percent of the 
increment between 1970—1980. A range of 10,000 
is warranted on the basis of statistical reasoning 
assuming the stated increase in households proves 
true and that the estimating equations ore actually 
the most efficient that could be chosen. It will not 
be possible to ascertain the actual truth of these 
assumptions until after the 1980 census is pub- 
lished. If the equations are valid, the range in 



Table D-12. — High school seniors as percent of county 
population 

Year: Ptrunt 



19G0. 

lOGS. 

19G7. 

1970. 

1975. 

1980. 



1.0 

1.5 

1.6 
1.8 
1.7 
1. 5 
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uncertainty about the population translates to a 
range of uncertainty in household growth. An 
average of 6,000 additional households per year 
has been assumed for the 1970’s. A range of plus 
or minus 1,600 new households a year (about 27 
percent of the increment) would account for the 
range in population, assuming the 1970 estimate 
is reasonably accurate. The estimate for 1970 is 
393,600 which relates to a current (1967) estimate 
of about 380,000. 

It will be noted that even the 1966 figures are 
given within a range of uncertainty; the prefeiTed 
estimate here is for 346,100 plus or minus about 
10,000, though the extreme values are thought to 
be unlikely. In 1966, the Government Consulting 
Service published an estimate of cuiTent County 
population equaling 347,000 pereons; however, 
this estimate was only of peripheral interest and 
was made without reference to school enrollment 
trends. Other ex post facto estimates of the 
County’s impulation are sho\vn table D-13. 

In 1966 and 1966, 10,600 dwellings were author- 
thorized by building permit, and 760 more are 
estimated to be in townships not reporting 
building permit data, yielding an estimate of 
11,800 new units overall or 10,600 new house- 
holds in the past 2 years, which account for 
the estimated gain of 37,000 persons since 1966. 
In the first quarter of 1967, reported building 
permit authorizations for the County were down 
by more than 60 percent as compared to the 
first quarter last year, 534 as compared to 1,101. 
The estimate for 1970 allows for the occupancy 
of approximately 7,000 more units by 1970. 

The range of uncertainty has not been applied 
symmetrically in the various parts of the County. 
It has been assumed that if the preferred estimate 
turns out to be low, the errors \vill tend to be 
most important in Middle Bucks County. In other 
words, unexpected growth seems most likely in 
this part of the County. On the other hand, if 
the preferred estimate turns out to be high, it 
seems most likely that unexpected stability will 
occur in the heavily populated area of Lower 
Bucks County and in the rural areas of Upper 
Bucks. 



Table D-13. — Estimates of Bucks County population 





1964 


1965 


U.S. Census Burcoii 


322,000 


3 345,000 


State plonnlng board 


323,800 


3327,500 


County planning commission 


0) 


356,850 



* Not available, 
s Provtsionol. 
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Supplementary Tables 

Table D-14. — EsUmaUs of total populattotif adultSf and 

seniors 



Yeor 


Total population > 


Adults 164- 1 




Seniors 




Low 


Pre 

ferred 


High 


Low* 


Pre- 

ferred 


High 


Low 


Pre- 

ferred 


High 


1960 




308,8 






182.4 






3,265 . 




1965 


. 330.4 


346.1 


360.2 


196.8 


207.7 


216.2 


5,060 


5,305 


5,545 


1970 


. 363.0 


393.3 


417.6 


221.5 


239.9 


254.7 


6,420 


6,860 


7,320 


1975 


. 445.5 


476.2 


515.4 


273.7 


295.4 


217.8 


7,500 


8,080 


8,675 


1980 


. 515.G 


574.5 


634.1 


324.6 


361.2 


399.2 


7,715 


8,610 


9,575 



1 In thousands 



Table D-15. — Estimates of populationf adults 16 and over not enrolled in grades 1-12^ and 
senior class enrollmenUt by County region I960 to 1980 by 5*|^ear intervals 



Year and area 



Total population 



Adults 



Sonlon 



• .Low . Pro* High Low Pro- High Low Pro* High 
ferred ferrod ferrod 



Upper Bucks: 

IW» 

1965. 48,600 

I9?0. 49.900 

1976. 57,900 

I960 6A000 

Middle Bucks; 

I960. 

1965 8^300 

1970. 94,400 

1975 - 129,300 

1960 154,300 

Lower Bucks; 

1960. 

1965 195,500 

1970 218,700 

1975. 258^300 

1980 292,300 



47,200 . 






27,000 


51,900 


54, 100 


29,100 


31. 100 


56,400 


61,200 


3a 400 


34,400 


64,700 


71,500 


3^900 


4a 100 


74,200 


79,700 


4^800 


4a 100 


7a 400 






41,000 


01,500 


97,000 


51,700 


54,900 


104,200 


iiaaoo 


57,700 


63,600 


137,200 


164,100 


saioo 


8a 200 


177,500 


217, 100 


97,200 


111,800 


191,200 . 






112; 900 


202; nn 


209.100 


iiaooo 


121,700 


232; TOO 


243,200 


133,400 


141,000 


274,300 


28a 800 


157,700 


17a 100 


32Z800 


337,300 


184,600 


20a300 



540 


32,400 


815 


890 


970 


37,300 


970 


1,050 


1,150 


4i400 


985 


1,100 


1,215 


5a 200 


990 


1,110 


1,200 






735 .. 




5a 200 


1,295 


1,380 


1,450 


oaioo 


1,515 


1,685 


1,810 


9a 500 


2; 200 


2; 320 


2,620 


13a 500 


2; 320 


2; 660 


a 310 






1,990 .. 




12a 000 


2; 950 


ao35 


a 125 


14a 300 


3,935 


il25 


i360 


177,900 


4,315 


i660 


i840 


212; 500 


4,405 


i840 


a065 



Table D~16. — Estimates of populationf adults 16 and over and not enrolled in grades 1-12^ 
and senior class enrollmeniSf by school district 1060-1980 by B^year intervals 



Pistrlct Total population Adults Senlots 





year 


Low Preferred High 


Low Preferred High 


Low Preferred High 



Palisades: 



1960 




9,300 .. 






a5oo . 






100 ... 




196S 


a3oo 


10,200 


11,000 


aaoo 


a 100 


aeoo 


140 


150 


165 


1970 


a 100 


10,800 


12; 500 


aaoo 


aooo 


7,600 


165 


195 


225 


1#75 


a3oo 


11,400 


lasoo 


asoo 


7,100 


a4oo 


100 


195 


230 


1980 


laooo 


12; 100 


lasoo 


asoo 


7,000 


aToo 


150 


180 


210 


Quakertown: 


I960 




ia4oo .. 






a?oo . 






240 ... 


305 


1«SS 


ia4oo 


17,200 


18; 200 


a8oo 


ia3oo 


laooo 


275 


290 


1970 




18; 000 


20; 800 


ia2oo 


11, 300 


12; 500 


305 


335 


375 


1975 




21,300 


23,800 


11,800 


ia2oo 


liOOO 


325 


360 


400 


1980 


22;000 


24,000 


28^900 


lasoo 


la 100 


laaoo 


330 


360 


390 


Pennridge: 


I960 




21,300 . 






12; 700 . 






300 ... 




196S 




24,800 


2i900 


13; 700 


liTOO 


li900 


400 


450 


500 


19J0 




27,000 


2a 200 


18,800 


laooo 


17,200 


500 


520 


550 


1975 


29,500 


32; 000 


3a50O 


18; 300 


laooo 


21.400 


500 


545 


585 


1960 


3aooo 


38; 100 


4a 000 


22,700 


2a 400 


2a 200 


510 


570 


600 
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Tadle D-16 . — EiiimaUs of population^ adulU 16 and over and not enrolled in grades I-IB^ 
and senior elass enrollments, bysehool district 1060-1980 by 6-year intervals — Continued 



District 


Total fiopuUtlon 


Adults 


Seniors 


year 


Low Preferred High 


Low I*relcrred High 


Low Preferred High 



Ccntnl nocks: 



IW) 




23600 






13900 






300 .. 




1965 


32,000 


33000 


33200 


13200 


23000 


21,700 


480 


525 


510 


1970 


.... 35,700 


33200 


43100 


21.800 


23300 


24.500 


5SO 


570 


600 


1975 


.... 45,000 


43300 


54,000 


28,200 


30,000 


53400 


775 


810 


920 


I960 


.... 5L800 


03000 


63000 


33600 


37,800 


40.800 


780 


900 


975 


New llopeSoIebury: 


I960 




3000 






2,400. 






40 .. 




1965 


3L700 


4.300 


3700 


2L200 


2,000 


2800 


55 


65 


70 


1970 


3,900 


^000 


3900 


2L400 


3000 


9.600 


TO 


90 


105 


1975 


^000 


2,300 


13400 


31700 


3500 


7.700 


105 


120 


210 


I960 


6^500 


I^SOO 


13500 


3400 


3000 


12300 


150 


140 


330 


Council Hock: 


1900 




13500 . 






3000 . 






150 .. 




1965 


.... 17,900 


13200 


13600 


10.700 


13900 


11,900 


270 


280 


295 


1970 


.... 19,100 


23100 


23500 


11,700 


13300 


13700 


545 


375 


405 


1975 


.... 24,400 


23500 


33000 


13100 


13400 


13000 


415 


450 


520 


I960 


.... 27,300 


33700 


53100 


17,200 


21,800 


52800 


410 


520 


760 


Centennial: 


I960 




24,300 . 






13300. 






245 .. 




IMS 


.... 32,700 


34,000 


33500 


19.600 


23400 


21.900 


490 


510 


ns 


1970 


.... 35,700 


40.900 


44.700 


21,800 


230^ 


27,300 


550 


650 


no 


1975 


.... 53,300 


53200 


57.100 


33100 


33300 


2V400 


105 


940 


en 


I960 


.... 63700 


73300 


83500 


42L000 


43200 


53600 


1.000 


1. 100 


I.22S 


Neshamlny: 


I960 




44^700 . 






27,000 . 






455 .. 




1965 


.... 47,000 


43200 


53400 


28,700 


29,500 


53200 


720 


735 


780 


1970 


.... 5(^900 


61.900 


64,000 


34.700 


37,800 


53000 


1,025 


3070 


MSO 


1975 




73500 


73500 


43,100 


43800 


43800 


1,180 


3280 


1.3S0 


I960 


.... 861300 


94.900 


93500 


54,400 


53800 


62000 


1,295 


3420 


1.47S 


rennsbuiT: 


I960 




ntoo . 






23100 






500 .. 




1965 


... 43300 


47.000 


43000 


27,200 


23600 


39,800 


680 


695 


715 


1970 


... 50,300 


53800 


53500 


33700 


32,900 


331900 


905 


945 


960 


1975 


... 53400 


63000 


67,600 


33800 


43300 


41.800 


Loio 


1, los 


1,150 


I960 


... TfKOOO 


73000 


81,000 


44,000 


43200 


51,000 


1,050 


1. 170 


32» 


Morrisfine: 


1980 




7,800 . 






3600 . 






80 ... 




1965 


3000 


3600 


3600 


3800 


3500 


5v800 


120 


140 


145 


1970 


3400 


3400 


13000 


3100 


3fH0 


MOO 


150 


165 


160 


1975 


3000 


3900 


3800 


3000 


3500 


MOO 


155 


150 


165 


i«n 




3500 


3500 


3700 


3400 


1^000 


115 


125 


145 


Bristol Township: 


I960 




$91300 . 






33000. 






595 ... 




1965 


... 53700 


S8.300 


80, no 


33200 


33500 


981400 


880 


895 


910 


1970 


... 6390Q 


63^800 


87,100 


33400 


33900 


481900 


1,130 


3170 


1.205 


I9» 


... 03300 


89^900 


TXSm 


43200 


43300 


4\000 


t,l50 


3190 


1.230 


1990 




;4,nn 


77, no 


43900 


47,000 


491000 


LOOO 


3125 


1.165 


Bristol norough: 


1980 




U400 .. 






7,300 






125 ... 




1965 


... 13100 


U800 


13^200 


7,300 


7,600 


7,900 


180 


190 


200 


1970 


... 11,000 


U200 


l3;eoo 


7,100 


7,400 


3300 


210 


230 


245 


l9tS 


... 11,300 




14,200 


7,000 


7,900 


3800 


190 


215 


240 


I960 




ueoo 


14,300 


3900 


7,900 


3000 


165 


190 


215 


Bensalem: 


I960 




235 .. 






13900 .. 






235 ... 




1965 


... 24,000 


29^400 


38i3 


13800 


13200 


is^no 


3n 


390 


395 


1970 




31,800 


33^000 


17,400 


13300 


20,100 


515 


545 


600 


ws 


... 39.400 


4^300 


M.2O0 


23600 


23300 


27,400 


en 


720 


750 


I960 


... 51,000 


14,100 


581300 


33100 


33000 


SS^SOO 


780 


810 


841 



ERIC 



117 



104 



Tablk Age fligtnhu/ions, Uuekt County, tOSO, 1960, 

mo, 1080 

I Thousands] 



Taulr D-19.— Approved lolt—Buekt County Planning 
Commitiion final rrviete, 1960-66 

I960 ItAI IM3 IMl ISM IMS 19M 





ARfRToap 


I9M 


I960 


1970 


1980 






1&.3 


418 


39.5 


64.5 







13.2 


316 


43.2 


57.4 




10-14 




10.1 


314 


410 


516 






9.4 


19.2 


319 


414 


20-24 




10.0 


13.4 


214 


5a3 


25-29 




112 


19.9 


21.0 


49.0 


30-04 




114 


215 


119 


418 


35,-yi 




11.2 


27.5 


24.3 


313 


40-44 




9.8 


218 


30.7 


316 


45-49^ 




12 


17.2 


216 


314 


jO_54^ 




7.6 


13.0 


212 


313 






7.1 


10.0 


113 


38.1 




pO-na 




8.9 


13 


11.2 


31.8 






110 


119 


24.1 


313 


Total.., 




144.6 


308.S 


3913 


574.5 



BedmlfUter TowniWp.< 
IlridgelonTowmWp... 

Durham Townihip 

E. RockhUl Township., 

llarcock Township 

Itllltown Township...., 

Milford Township 

Nockamlton Township 
Plumstead Township.., 
Richland Township.... 
Springfield Township... 
fi.RockhIU Township. 



66 


30 


18 


17 


0 


7 










4 


14 


4 


4 












12 


6 


7 


31 


7 


s 


11 






15 


18 


37 


69 


54 


47 


74 


83 


7 . 






23 


5 


10 


5 


4 - 




7 


74 


6 


59 


80 


39 


13 


30 


15 


11 


3 


2 


47 


4 . 




10 


38 


8 . 






42 




12 


14 


41 


30 


10 



30 

21 



21 

19 



Source Bucks County Plmmlng Commisskm. 



TABtK \y-\S.--Du:d!ing iintfs, i950g I9$0 and at atdhortzed, 
I96(h€7^ Bucks Counly 





Year 


Dwelling rmtur 
Occupied Total 


.vn «.7M M.»» 


1060 




aa,w 89, <83 


t «.*« 


tnciease as percent of toUL 

Annual aterage Increase 


M.4 lOP 

.. .. <,»! <.*W 




Year 


Amiior- 

teed 

dweB- 

tngs t 



im.., 

1962.. . 

1963.. , 
196«.«, 



U6B9 

1,910 

9;ooi 

3,9a 



SabtotaL, 

1965. 

1995. 

1967 (4 months). 



11,903 

4,967 

9,909 

7M 



Tobd. 



^ 93,ia 



Sobtotol 098595) 

Amnxal a r e rage 1960-66, 



22,429 

3,210 



* ti.9. Census of Popnlalloti and Housing, isSO and 1980. 

» Pennsyltanifl Department of Lalior and Industry, Rnddbig Operations 

In Dennsfltanla, monthly reports and antraalsummartes, 198010 Ajail 1967. 







A. 
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Appendix E 



STATISTICAL TABLES 



Table E-1 . — Total Slate and county ahart* oj fall public school enrollment, Stale of Maryland, 1958-1966, grades t to i 



County 


1«S6 


19S7 


IttS 


l»S> 


I960 


1961 


1962 


1063 


1964 


1965 


1906 


SUtetoUL 


201^ 2SI 


3091611 


213:490 


3191183 


2Z7.»0 


2Uv31S 


24Z9g9 


2531415 


253.938 


361.017 


3fi8L8S9 


AUcsanr^ 


.020 


.0267 


.03S9 


.0245 


.0234 


.0210 


.0232 


.0213 


.0217 


.0210 


.02CM 


AnnoAniSHleL* 


.06U 


*0$» 


.0093 


*0719 


.0^8 


.0756 


*0762 


.0771 


.0811 


.0834 


.0836 


tlftHbnore City. 


.2910 


.2919 


.2888 


.3787 


*3706 


.3856 


.3618 


.2586 


.2265 


.2118 


.3148 


finlUinoro^ 


.IMS 


*1401 


*1424 


.1438 


.1451 


.1466 


.1483 


.1480 


.1511 


.1510 


.1491 


Calrat 


*0077 


*0019 


.0083 


*0083 


.0084 


.0085 


*0082 


*0082 


.0083 


.0078 


.0073 


Ctfoltne^ 


.0079 


*0077 


.0076 


.0077 


*0076 


.0073 


.0073 


*0068 


.0009 


.0061 


.0064 


«W***»«»^* *«* ****^*^*******a*W»*Ws m 


.0t» 


.01» 


*0173 


*0171 


*0173 


.0171 


.0174 


*0175 


.0184 


.0188 


.0186 


Cecil 


*0194 


.0174 


.016$: 


.01» 


.0174 


.0170 


.om 


.0172 


.0175 


*0165 


•0164 


Cbariee. 


.0129 


.0132 


.0133 


.0133 


.0131 


*0130 


.0136 


*0137 


.0144 


.0150 


• 0152 


DorclmUr^ 


.0109 


.0104 


.OIOS 


.0103 


.0101 


.0098 


.0097 


.0094 


.0094 


.0989 


.0087 


Frederick. 


.0212 


.ozn 


.0233 


.0228 


.0224 


.0221 


.0224 


.0224 


.0231 


*0238 


.0221 


Oimtt 


.oou 


.0087 


.OQSS 


.0083 


*0079 


.0075 


*0074 


.0071 


.0073 


.0074 


.0009 


Httiord..* — 


.0292 


*0284 


*ozn 


.0278 


•0280 


.0287 


.0289 


.0298 


.0311 


.0323 


.0341 


Hoiranl^ 


.0114 


.0130 


.0119 


.0123 


*0127 


.0134 


.0139 


.0144 


.0151 


*0157 


.0151 


Kent — 


.0082 




.0080 


.0089 


.OOS8 


.0»7 


.00S5 


.0054 


.0053 


.0052 


*0051 


Montcotocry* 


.1094 


.1127 


.1130 


• 1307 


.1243 


.1254 


.1186 


.1167 


.1212 


.1221 


.1193 


Frtooo OtatgfA^ 


.1128 


.1146 


.1109 


•1189 


.1221 


.1286 


*1328 


*1395 


.1525 


.1650 


*1735 


Queen Ahm 


.000$ 


.0061 


.0008 


.0004 


.0065 


.0067 


.0006 


*0063 


.0064 


.0061 


.0050 


St. Item. 


*0118 


.0109 


.OIOS 


*0111 


.0111 


.0099 


.0109 


.0120 


.0129 


.0127 


.0131 


Bometwt.^ 


.0082 


*0080 


.0079 


*0078 


.0074 


.0073 


.ooni 


*0065 


.0064 


*0062 


•0037 


Tnlbol 


.00» 


.0016 


*0077 


.0074 


.0073 


*0073 


.0071 


.0068 


.0067 


.0006 


.0062 


Wasbinstoa. 


.0128 


.ons 


.0113 


.0293 


.0287 


.0287 


.0292 


.0287 


.0292 


.0286 


.0276 


WieomJoo.^. 


.0182 


*0187 


.0100 


.0189 


.0190 


.0187 


.0186 


.0177 


.0185 


.0186 


.0183 


Worc«gt«r. 


.0102 


*0102 


.0103 


•0096 


*0096 


*0091 


*0090 


.0088 


.0090 


.0988 


.0087 



SoaioR AiuiimI Rpotti c( bn public adwnlainlliiinits, SUtcot Mat) bad, Dep Mt mc i it ct Edoatton. 





106 



TAfiLC E-2. — Tola! Slate and county ifhareJt of fall public school enrollment^ State of ^^arylan(tf 1956^1966^ grades S to S 



County 




1057 


lavt 


1959 


1900 


1901 


1963 


1963 


1964 


1065 


IMS 


i;tale total 


l«3. 7S7 


i;.\2^ 


157.335 


195. WO 


2avra 


207. M3 


313,209 


319,322 


227.125 




24\«66 


Alliirany 


0313 


.0311 


.nm 


.03*9 


.0251 


0273 


.0264 


.0249 


.0239 


.0233 


.0313 


AnnrAnindt*! 


OTAl 


.ora 


.0090 


.07» 


.0717 


.071.5 


.0739 


.0757 


.0776 


.0794 


.0905 


Italtlmore CHy 


2;i2 


.2074 


.2075 


.2541 


.3040 


.2002 


.2527 


.2447 


.3321 


.3342 


.2195 


Italtlmorp 


-- . . . .H2P 


.1473 


.Hal 


.1495 


.1450 


.1493 


.1473 


.UtO 


.1513 


.1517 


.1323 


Calvert.-- 


.cia;a 


.0071 


.0071 


.0072 


.0071 


.0075 


.0076 


.oon 


.0074 


.0074 


.0073 


Caroline.. 


.. OOMI 


.0033 


.OOTJ 


.0077 


.0074 


.0073 


.0074 


.0073 


.0073 


.0072 


.0009 


Carroll 


0210 


.0202 


.0197 


.0194 


.OIM 


.0193 


.0177 


.0177 


.0177 


.0179 


.0191 


Cfdl 


.01^: 


.0170 


.0109 


.0105 


.0102 


.0159 


.0151 


.0153 


.01.53 


.0151 


.0151 


CharlfS 


.OHO 


.0135 


.0130 


.0130 


.0120 


.0134 


.0133 


.0131 


.0133 


.0127 


.0134 


Ilorchester 


.0113 


.011.5 


.0113 


.0110 


.oia5 


.0103 


.0100 


.0100 


.0099 


-0097 


.0094 


Fmtetick 


.027.5 


.0273 


.0204 


.0205 


.02» 


.0244 


.0341 


.0239 


.0239 


.0234 


.0231 


Garrett 


.0100 


.ooic 


.0093 


.0091 


.0094 


.0095 


.0091 


.OWI 


.0079 


.oon 


.0009 


liarfon)... 


. .02!«i 


.02»4 


.02W 


.0293 


.0293 


.0290 


.0290 


.02» 


.0299 


.0305 


.0319 


liowan). 


0131 


.0110 


.olio 


.0125 


.0137 


.0139 


.0140 


.0145 


.0146 


.0132 


.0156 


Kent — 


.oo« 


.0005 


.noa 


.0060 


.0059 


.0054 


.Oa53 


.0051 


.0049 


.note 


.0047 


Montgomery 


.1054 


.1114 


.1147 


.1303 


.1205 


.1271 


.1330 


.1319 


.13.53 


.1300 


.1339 


Wnce Georm - 


1110 


.1140 


.11.54 


.liw 


.1204 


.1237 


.1297 


.1349 


.1411 


.1492 


.1362 


Queen Anm« 


non 


.0070 


.0007 


.now 


.0004 


.00ft5 


.0064 


.0062 


.009 


.0064 


.0056 


gt. Mar>9 


Olffl 


.OIOS 


.0102 


.0104 


.0105 


.0096 


.0097 


.0102 


.0105 


.0106 


.0107 


Somerset 


.(trro 


.OfIM 


.00*2 


.0079 


.0073 


.0074 


.0072 


.0071 


.0070 


.0009 


.0064 


Talbot 


owl 


.0075 


.0074 


.0074 


.0071 


.0070 


.0009 


.0070 


.0065 


.0062 


.0060 


Washlnitton — 


0354 


.0359 


.0354 


.0349 


.0320 


.03r9 


.0902 


.0294 


.020 


.0296 


.0297 


Wicomico 


. .OlflO 


.0133 


.0IK3 


.0154 


.0190 


.0194 


.0191 


.0192 


.0190 


.6179 


.017? 


Worcester 


.0103 


.0100 


.0005 


.0096 


.OOM 


.ora 


.0091 


.0092 


.0092 


.0011 


.0099 



Bomte: Bet UMe E-l. 



Tahle E-3.— rofa/ State and county shares of fa!! putdic school enrtdlmcntj State of .Afaryland^ l9$6-t96&j grades 9 to ti 



County 


1956 


1957 


1959 


1959 


I960 


1961 


1962 


1963 


1964 


1965 


1986 


SUte total 


io»,*n 


11.^437 


121,496 


131, $02 


lUktTO 


iss^am 


I7U838 


187, 2M 


196,496 


227.3a 


m.sa 


Allfgany 


ows 


.0434 


.0376 


.QH9 


.0302 


.0330 


.0329 


-ons 


.0»Z 


.02176 


.0272 


Anne Arundel 


mn 


.0722 


.0094 


.0579 


.0749 


.coil 


.0713 


.0721 


.0728 


.0665 


.0749 


Baltimore City 


2940 


.2S30 


.2559 


.255? 


.2658 


.2427 


.3393 


-SKI 


.2278 


.3399 


.3122 


Baltimore.- 


14IS 


.1610 


.1501 


.1522 


.1651 


.1579 


.1603 


.1607 


.1622 


.1650 


.HU 


Calmt 


0009 


.0073 


.0064 


.0062 


.0009 


.0062 


.0009 


.0051 


.0062 


.0066 


.0081 


CaruUne 


OOM 


.0094 


.0094 


.0000 


.0094 


.0075 


.0070 


.0058 


.0068 


.0061 


.0068 


Carton 


0227 


.0246 


.0209 


.0201 


.0214 


.0191 


.0199 


.0186 


.0180 


.0161 


.0(73 


Cecfl 


0162 


.0175 


.0155 


.0152 


.0160 


.0145 


.0146 


.OIM 


.0138 


.0132 


.0131 


Charles 


a0135 


.0144 


.0125 


.0124 


.0130 


.0117 


.0114 


.oiii 


.0112 


.0118 


.mzi 


t)otthc5ter. 


0IJ2 


.6144 


.0127 


.0121 


.0121 


.0106 


.0108 


.0007 


.0095 


.0082 


.0091 


Ftvdertdc 


CM? 


.0327 


.0295 


.0274 


.0293 


.0268 


.0258 


.0152 


.0246 


.0833 


.0844 


Oartvtt 


-Otis 


.0117 


.0098 


.0090 


.0093 


.0077 


.0073 


.01^1 


.0071 


.0062 


.0009 


tlaribrd 


0299 


.0324 


.0296 


.0292 


.0811 


.0289 


.0285 


.0285 


.0282 


.0884 


.0293 


ttosrard 




.0145 


.0132 


.0125 


.0142 


.0135 


.0142 


.OItt 


.0152 


.0143 


.0131 


Kent 


0006 


.0069 


.0063 


.0069 


.0000 


.0063 


.0060 


.0017 


.0016 


.0089 


•ooa 


Xlcntaumery 


1007 


.1199 


.1134 


.1211 


.1378 


.1342 


.1344 


.tm 


.1416 


.1453 


.1499 


Brtnce Oeotyei- 


toss 


.1233 


.1154 


.1165 


.1265 


.1216 


.laas 


.1318 


.13» 


.1399 


.1480 


Queen Annes 


OB74 


.0075 


.0068 


.0009 


.0069 


.0060 


.0069 


.0057 


.0057 


.0062 


.0065 


St. Matys 


«»a 


.0099 


.0009 


.0093 


.0106 


.0094 


.0094 


.0095 


.0096 


.0123 


.0099 


Somerset 


0095 


.0095 


.0003 


.0071 


.0080 


.0009 


.0068 


.OOH 


.0062 


.0063 


.0067 


Talbot 


oroi 


.0097 


.0002 


.0077 


.0077 


.0067 


.0064 


.0063 


.0062 


.0069 


.0080 


Washington 




.0445 


.0303 


.0359 


.0873 


.(846 


.0338 


.0328 


.0822 


.0295 


.0302 


Wicomico 


OIM 


• 0302 


.0179 


.0169 


.0177 


.0160 


.0158 


.0157 


.0156 


.0131 


.0133 


Worcester 


0101 


.0101 


.0092 


.0009 


.0092 


.0081 


.0080 


.0079 


.0082 


.0073 


.COB3 



Soane: Bee table £-1. 
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Tadle eh. — Shnre$ of total public fall $chool tnroUmtnt^ for California Staii$tical AreaSt grades i to 4 



suttotical am m: m$ 1949 1950 1951 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1963 1963 1964 1965 1906 



Xorth Coast 0137 .0145 .0144 .0156 .0156 .0153 .0156 .0164 .0176 .0163 .0149 .0145 .0144 .0134 

SacramffUo Valley. .0602 .0507 .0516 . 0521 .0526 . 0620 . 0524 . 0633 . 0526 . 0536 . 0526 . 0533 . 0544 . 0656 

Mountain 0316 . 0309 .0292 .0289 .0209 .0251 .0246 .02W .0230 .0227 .0220 .0220 .0220 .0214 

San Francisco Bay. .2180 .2i64 . 2207 . 2246 . 2272 , 2305 . 2308 . 2306 . 2201 .2271 .2262 . 2258 . 2243 . 2241 

Central Coast 0281 .0258 .0209 .0270 .0257 ,0255 .0246 .0240 .0234 .0239 ,0233 .0237 .0239 .0240 

San Joaquin Valley .1565 .1535 .1546 .1471 .1431 .1369 .1391 .1252 .1200 .1177 .1156 .1141 .1094 . 10B7 

Santa Barbara* 

Ventura..... 0208 .0316 .0216 .0218 .0214 .0215 .0210 .0222 .0205 .0205 .0208 ,0220 .0238 ,0253 

Los Angeles 

Metrop.Am 3877 .3701 .3729 .3741 .3760 .3789 .3845 .3886 .3950 . 3989 . 4035 . 4011 ,4006 . 4019 

San Diego Metrop. 

Am 0499 ,0490 .0496 .CB13 . 0538 , 0559 . 0580 . 0686 . 0691 .0697 . 0694 . 0618 . 0546 .0647 

SoaUieast 0823 .0589 . 06(94 . 0676 , 0671 .0577 . 0589 . 0683 . 0688 . 0694 . 0609 . 0518 . 0613 . 050b 



.0129 .0121 
.0664 .0561 
.0214 .02M 
.2240 .2241 
.0242 . 0242 
.1060 .1027 

.0274 .0001 

.4016 .4037 

.0655 , 06U 
.0606 , 0617 



.0114 .0111 
.0557 .0550 
.0209 .0209 
.2242 .2Q1 
.0241 .0341 
.1035 . 0991 

.0317 . 0337 

.4060 .4055 

.0627 . 0518 
.0638 . 0556 



.0109 .0107 
.0553 .0552 
.0209 .0308 
.2228 . 2347 
.0344 .0247 
.0992 .0991 

.0352 .0359 

.4085 .4004 

.0815 . 0627 
.0863 .0650 



Source: Bureau of Cducalionat Research, ' * Enrbnmmt In California Schools,” CsUf&mis SrAooft, Various Issues 1947-1966. 
Sott.--Coanties Induded in Calilbtnia State Statistical Areas are shown In Kahibit 9 on page 47. 



Table E^S.— ‘SAarrs of total public school fall tnroUmcnU for California SialisUcal Arcas^ t94T-~t066^ grades S to 8 



Statistical Am 


IM7 


1948 


1949 


I9S0 


1951 


1952 


1953 


1954 


195$ 


I9S6 


1957 


19S6 


I9S9 


I960 


1961 


1962 


I9S 


1964 


1965 


1966 


North Coast 


.0144 


.OIM 


.0156 


.0166 


.0169 


.0169 


.0166 


.016? 


0166 


.0156 


.0148 


.0144 


.0144 


.0142 


.0133 


.0126 


.0122 


.0119 


.0116 


.0113 


Sacramento Valley, 


.0613 




.0630 


,0516 


,0538 


.0532 


.ftt27 


.0531 


.0528 


.0533 


.0533 


.0539 


,0548 


.0561 


.0569 


.0668 


.0569 


.0555 


.0556 


.0553 


5tountala 


.0815 


.(BM 


.0015 


,0318 


,01309 


,0280 


,0279 


,0206 


.0250 


.0240 


.0233 


,0233 


.0239 


,0229 


.0229 


,0277 


,ra; 


.0228 


.0226 


.0223 


San Francisco Bay. 


,2142 


.2143 


.2145 


.2175 


,3169 


,2175 


,2175 


,2182 


,2190 


,2221 


,2ZT2 


.2250 


.2259 


,2249 


.2245 


,2352 


,2245 


,2229 


,zzn 


.2236 


Central Coast 


.0281 


.0271 


.0265 


,om 


,0255 


.0251 


.0217 


.0242 


.0036 


.0235 


.0231 


,0234 


,0237 


.0236 


,0237 


,0239 


,0t239 


.0340 


.0242 


,0244 


San Joaqnin 










































Valley 


.1596 


.ISM 


.1607 


.1543 


,1500 


.1444 


.1369 


.13D 


,K74 


.1218 


.116$ 


,1148 


,1105 


.1092 


.1070 


.1060 


,1(09 


.1016 


.1009 


.0933 



Santa Barbara- 



Ventura,,.. 0214 , 0219 , 0217 . 0218 . 0214 . 0213 . 0208 ,0209 .0208 .0208 .0209 .0222 .0235 .0251 

Los Angeles Met- 
ropolitan Area 3574 ,(096 ,3684 .3(719 ,3759 .3828 ,3901 ,3950 .4003 



San Diego Metro- 
politan Am 0189 ,0480 ,0170 

Sontbeast 0877 .0621 .0810 



.0482 .0190 .0602 .0513 .0624 .0541 
.0602 ,0699 .0801 ,0814 ,0803 .0607 



.4015 .4027 ,4010 ,4002 ,4004 

.0669 . 0698 , 0613 . 0896 . 0638 
.0607 . 0008 . 0009 . 0604 . 0600 



.0367 .0283 .0298 .0318 .0330 .0940 

.4006 . 4025 ,4042 .4(KS .4087 .4818 

.0633 .0620 .0007 .0605 .0001 .0613 

.0606 .0614 .0829 .0641 .0647 .0649 



SouroB: See table B-4. 



Table EH. — Shares of idol public school fall enrbilmcnl, for Calif omia Statistical Areas, 1947-1966, grades 9 to 12 



Statistical Am 1947 1948 1949 1960 1951 US2 1953 19M 1955 1966 1957 1958 1959 1960 1961 1962 1963 1964 1965 i960 



North Coast 0137 ,0140 .0142 

Saeratnento Valley. .0198 .0515 ,0610 

Mountain ,0376 ,0289 .0299 

San Frandsco Bay. ,2223 ,2223 -22M 

Central Coast 0254 .0258 0280 

San Joaqnin 

Vriley 13W ,1336 ,1354 

Santa Barbara- 

Ventnra 0211 ,0211 .0210 

Los Angeles Met- 
ropolitan Am 3999 .ras .3906 

San Diego Metro- 
politan Area 0618 .0481 .0491 

Southeast 0554 .0609 .0565 



.0151 .0157 
.0517 .0520 
.0297 .0296 
.2193 .2209 
.0263 .0250 

.1357 .1329 

.0213 .0211 

.3942 . 3946 

.0601 .0606 
• 0606 . OSTS 



.0162 .0166 ,0165 .0166 .0161 

.0631 .0534 .0541 .0512 .0537 

,0297 .0291 .0283 .0281 .0278 

.2208 .2214 ,2210 .23M .2194 

.0247 .0243 ,0238 .0233 .0227 

.1321 .1296 ,1287 ,1251 .1203 

.0212 .0208 .0209 .0206 .0205 

.3929 .3948 .3957 .4007 . 4009 



.0608 .0513 .0510 .0614 .0528 
.0565 . 0587 . 0600 . 0696 . 0600 



.0154 .0146 ,0144 .0135 
.0534 ,0541 .0541 .0550 
.0262 .0249 .0244 .0237 
.2184 .2198 ,2217 ,2281 
.0225 ,0221 .0225 ,0225 

.1156 .1130 .1092 ,1064 

.0212 .0220 ,0230 .0243 

.4119 .4112 .4096 .4070 

.0544 .0571 .0603 .0622 
.0610 .0609 .0608 .0601 



.0133 .0127 
.0562 .0669 
.0237 .0232 
.2299 .2285 
.0225 .0228 

.1027 .0995 

.0255 .0271 

.4052 .4055 

.0639 .0633 
.0600 ,0606 



.0123 .0124 
.0573 .0574 
.0235 .0237 
.2301 .2283 
.0236 .0227 

.0972 ,0967 

.028$ ,0299 

.4053 , 4064 

.0617 .0611 
,0614 .0623 



.0130 .0118 
.0572 .0667 
.0238 .0237 
.2272 .2272 
.0230 .0235 

.0967 .0908 

.0310 .0315 

.4080 .4054 

.0001 .0001 

.06D .0630 



Source: See table £-4. 



108 

/ 

\?x 



a. 



TAntF. U-7 . — Trend equations for county shares, Slate of 
Maryland, 1967 to 198S ' 



County 


Curre 


A 


D 






Grades 1 to 4 




Allcfany 


5 


3.40243 E-3 


1.61797 E-4 


Anne Arundel 


2 


64&007 


151456 E-3 


DkUlmcrt Clijr 


1 


3004. 


-51 0571 


Dsltlmore 


1 


I3S4.43 


115714 


CilTcrt 


4 


M.9TM 


-143650 


CiTollne 


1 


79.5714 


-.920571 


Carton 


4 


170.403 


&MS6 


Cecil 


4 


100.419 


115357 


Charles 


4 


133.915 


-4.86471 


borchetter 


1 


109.057 


-1.85714 


Frederick 


% 


343.30 


-4.73336 E-3 


Garrett 


4 


1.09055 E-3 


150647 E-4 


Ilarterd 


2 


30115 


0 


Howard 


5 


9.02476 e-3 


-150133 E-4 


Kent 


5 


1.59027 E-3 


183946 E-4 


Montffotnenr... 


6 


103422 E-t 


1.31915 E-4 


l*rinw Owtgtt 


4 


9.12676 E-4 


-106793 E-5 


Queen Annes 


2 


65.1419 


0 


5t. Marys 


4 


I0I9;3 


111956 


Somerset 


I 


04.3057 


-103571 


Talbot 


2 


77.9335 


-1.30734 E-3 


Washington 


3 


329.475 


-7.31075 E-3 


Wicomico. 


4 


189.150 


-159831 


Worcester... 


4 


9.32145 E-a 


149950 E-4 






Grades 5 to S 


Alleftany 


I 


321 429 


-192057 


Anne Arundel 


5 


1.49092 E-3 


-1.74244 E-5 


HalUmore City 


1 


27414.5 


-29.31U 


Italtlfflore 


4 


149117 


-02:171 


Calrert 


3 


71 4403 


0 


Caroline 


3 


H940B 


-196156 E-3 


CilToU 


4 


4.6303 E-3 


1.4286 E-4 


Cecil.. 


4 


121455 


11.1137 


Charles... 


3 


15142 


-.101558 


Dorchester. 


4 


117494 E-3 


15700 E-4 


Frederick 


4 


149007 E-3 


9. 19445 E-5 


Garrett 


1 


100.571 


-193143 


nitfcrd 


4 


134379 E-3 


137956 E-5 


Howard 


2 


111.403 


111723 E-3 


Kent.*... 


4 


1.40275 E-2 


199347 E-4 


Montgomery 


1 


1017.71 


415714 


Frfnce Georyes 


4 


130096 E-4 


-1.94735 F^5 


Queen Annes 


3 


719354 


-7.06974 B-2 


St. Marys. 


1 


109.557 


-1.82143 


Somerset 


3 


91.0132 


-.114017 


Talbot 


3 


81 5275 


-7.08156 B-2 


Washlneton 


2 


379.385 


109091 E-3 


Wicomico 


4 


181179 


9.15758 


Worcester. 


3 


101335 


-133629 e-2 






Grades 9 to 12 


AHeyatiy* 


4 


104075 E-3 


1.58039 E-4 


Anne Arundel 


4 


731 364 


-117.842 


Baltimore City 


4 


157151 E-4 


7.80024 E-6 


Baltimore 


6 


112909 e-4 


147716 E-5 


Caitetl.. 


4 


1.37741 E-2 


4.19876 E-4 


Caroline 


1 


91 4286 


-15 


Carroll 


1 


241286 


-7.5<t43 


Cecil 


1 


171.143 


-167857 


Charles 


5 


191952 E-3 


Z49679 E-4 


Dorchester. 


I 


141143 


-103571 


Frederick 


1 


324.143 


-9.17857 


* See Note end of Table 





Taiilk K-7. — Trend equations for county shares. Slate of 
Maryland, 1957 lo 1962 — Continued 



County 


Curre 


A 


B 





Garrett 


5 


7.3dS32 E-3 


17377 E-4 


Harford 


4 


391117 


0 


Howard 


3 


131244 


0 


Kent 


1 


71.8571 


-Z 96429 


Monhtomery 


3 


IOI6i3$ 


.15208 


I*rlnce Oeonres 


3 


1101 38 


137316 E-3 


Queen Annes 


1 


ni.3857 


-Z 64296 


81. Marys 


4 


9AS287 


0 


Somerset 


1 


94.8571 


-178571 


T»M»t 


2 


101402 


-163986 E-3 


Washington 


2 


451198 


-.043711 


Wicomico 


1 


19a714 


-185714 


Worcester. 


S 


9.15422 E-3 


4.734.46 E-4 



TAnu: E-8. — Vnadjnticd awma 


of local area projected school 


tnroUfnenl 9 hnfc$^ Stnltn of Morytand and Cotiforniaf 


1965 and 1080' 












Und« 


Maryland 






California 
















ntwJps 


1965 1980 


1965 




1990 








.500 


.750 


.400 


.500 


.750 


1-4 


.9988 1.0034 


.9738 


.9762 


.9009 


1.0902 


1.0039 


8-8 


1.0071 1.0377 


1.0019 


.9964 


.9503 


.9970 


1.0099 


0-12 


.9708 1.0103 


.9994 


.9988 


.9509 


1.0003 


1.0060 



Table E-9.— TVend cr^uations for county shares. Slide of 



Maryland, 1956 lo 1966' 




County Curre A 


B 



Grades 1 to 4 



Alleftany 


5 


150412 E-1 


1.33199 E-4 


Anne Arundel 


1 


641 873 


17.9909 


Baltimore City 


1 


3I08l2S 


-84.808 


Baltimore 


1 


13914 


11 1455 


Calrert 


4 


816279 


0 


Caroline 


1 


81.0737 


-139091 


Carton 


5 


192209 E-3 


-4.37328 e-5 


Cecn 


4 


167.82 


115644 


Charles.. 


5 


7.97IB3 E-3 


-109092 E-4 


Dorchester 


1 


111 545 


-Z04S45 


Frederick 


4 


224.301 


118039 


Oaiiett 


5 


L11726 E-3 


Z94972 E-4 


Harford 


5 


173123 E-3 


-149042 E-5 


Howard 


1 


101109 


139091 


Kent 


1 


82:7455 


-106304 


Monttntnety 


6 


114633 E-4 


105151 E-4 


Prince Oeonnss 


5 


9.50872 e-4 


-Z 17405 E-5 


Queen Annes 


1 


67.8908 


-.663636 


Saint Marys 


5 


180033 E-3 


-144616 E-4 


Somerset 


1 


89.3545 


-Z 34545 


T»lbot 


I 


<9.5818 


-14 


Washington 


3 


327.545 


-144151 E-3 


Wieomioo 


3 


181 (BO 


0 


Worcester 


5 


9.51737 E-3 


195327 E-4 
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Taiilp. E-9.— rrrnrf equalions for county iharcs^ State of 
Maryfand, 1956 to 1966 — Continued 





Carve 


A 


D 






Grades $ to S 


Allegany 




334. Its 


-mom 


Anne Arundel 


6 


1.4»42 E-3 


-Z3Sl!ll E-S 


nmltimora Citr 




2S2129 


-sa.ois3 


Baltimore 


3 


143A44 


ZOSISI E-3 


Calvert 


4 


T19M4 


0 


Caroline 


3 


M62S6 


-s.snos E -2 


Carroll 


3 


311.991 


-7. 80688 E-3 


Cecil 


3 


197. 3U 


-9.4SSSf7 E-3 


Charles 


6 


r.niftS B-3 


-S.3925S E-4 


Dorchester 


5 


A3290!l E-3 


Z098e2 E-4 


Frederkk 


6 


3.&SC33 E-3 


7.44903 E-S 


Oamtt 


1 


100.327 


-Z 69031 


llaiiord 


3 


297.29 


0 


Iloirard 


2 


111.09 


ZO7088 E-3 


Kent 


5 


1.41492 E-3 


6i7aS87 E-4 


MontgomeiT 


3 


10310 


.IISOIS 


Prince Georges 


5 


9143074 E-4 


-ZS8SS7 E-S 


Queen Annes 


3 


9L2989 


-7.S6S78 E-3 


Saint Marys 


2 


101 90S 


0 


Somerset 


5 


1.10494 E-2 


ZS72SS E-4 


Talbot 


1 


9010727 


-1.76M4 


Washington 


5 


ZMSO E-3 


8.294.82 E-5 


Wicomico. .............. .. 


3 


199.392 


-Z 14917 E-2 


Worcester 


3 


101057 


&94027 E-3 



Tahlr E-9 . — Trend equolionn for coutdy ohare$^ State of 
Marytand^ 1956 to Continued 





Com 


A 


D 






Grades 0 to 13 


Allfgany 


5 


Z0ni2 E-3 


t.463$9 E-4 


Anne Arundel 


4 


733.996 


-110.940 


Ilaltiroore City 




3901. M 


-ziosn E-3 


Baltimore 


4 


1617.19 


-307.009 


Calvert 




71.22» 


7.50010 E-3 


Caroline 




1.02161 E-3 


A1992S E-4 


Carroll 


S 


4.0M2 E-3 


1.74493 E-4 


Cedi 


2 


171.319 


-337018 E-2 


Charles 


3 


i4as.*s 


-9.577W E-2 


Dorchester 


2 


1U3M 


-.050794 


Frederick 


$ 


ZC»19 E-3 


1.0S36S E-4 


Garrett 


5 


7.919IM E-3 


7.25897 E-4 


Ilarfbni 


$ 


Z 44421 E-3 


0 


ttoward 


$ 


7.6M0I E-3 


-aoso E-S 


Kent 


2 


7Z8SM 


-A 45912 E-2 


Montgomery 


3 


101Z01 


.156797 


Prince Oeorres 


S 


9.ism E-4 


-Z 01824 E-S 


Queen Annes 


$ 


I.3S684 E-3 


A919S3 E-4 


Saint Marn 


S 


L002» E-3 


0 


Somerset. 


2 


97.3M4 


-A 34148 E-3 


Tafhot 


S 


L0M9I E-3 


A83288 E-4 


Washington 


5 


Z31S42 E-3 


1.0S183 E-4 


Wicomico.. 




Z0S9» E-3 


1.07245 E-4 


Worcester. 


3 


106.399 


-. 129454 



KottL— Th« ooHIIdenU lor the tmid rqitftUons lorndi of the 24 coontfes 
•ikI thrpe Rto !e po u p com tiln Ationa in UMes E-*7 and aiv 

printed In exponent or** E** lorm. The si^ and nomher lotloirlnic the **E** 
in eadi ca» Indicates ^bedlrecthm and ptaeetnent of the decimal point lor the 
alpha and beta values of the trend erpsation. A-^ (mtrras) sipi bmnedlately 
follofring the **E** liidieatei that the dcctmal point should be moved to the 
left of its orlKfaiat position. A-!- (pfns) si^n hmsiediatelr MIoirinK lhe**E^ 
woold indicate that the decimal point shoaM be moved to the right of Its 



origirst posIlion-actisalDr no plus entries appear in these tables. A nnitbet 
value lofloirlng the minns (or plos) sign giv« the number of placa the dfH- 
mat point sbonM be moved either to the leR or totherighU For example, the 
notation **E-4** means move the decimal point lour positiofis to the left of 
the original one. 

The designations of the comes are as MIows (see table 27): simple linear 
corvltinetr, kg linear, log log, hrperbolie, and exponential 
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Table E-10.— of California, 106B Compariaon of Actual and Projections, Parts I, II, and III 



SUtUtIcml VM 



Korth Cottt 

Rftcrmnimto V illey 

Mountain 

8in Kfuncteco Biy 

Crtitml C«Bt 

Sin Joiquin ViUfy 

Swim Bifbiri-Ventiiri 

AnRflff*Lons B«nch MetnipollUn 

Area 

Sin DIfSo Melropolitao Am 

SooUmit 



ArtiMl.itnd( Kroaps 


Trojected linear* 
trade troups 


riojfcted curvilinear, 
trade troups 


Percent error Mlnear, 
(nifle troups 


•'errent error •— 
curvilinear. 
:rade trou|>s 


1-4 58 9-12 


1-4 5-9 9-12 


1-4 5-8 9-12 


1-4 5-8 912 


1-4 5-8 9di 


Part I.— Comparison ol actual and projected enroUment ratkH 



.0109 


.0116 


.0120 


.0181 


.0150 


.0165 


.0154 


.0143 


.0158 


47.7 


21.3 


r.5 


41.3 


213 


31.7 


. .0553 


.0556 


.(»73 


.0560 


.0555 


.0563 


.(B63 


.0555 


.0559 


1.3 


-02 


-1.8 


1.8 


-02 


-2 5 


.0009 


.0226 


.0238 


.0148 


.0169 


.0235 


.0154 


.0168 


.0227 


-29.2 


-25.2 


-1.3 


-253 


-25.7 


-4.6 


.2228 


.2233 


.2273 


.2314 


.2312 


.2200 


.2294 


.2318 


.2201 


4.3 


3.6 


-3.2 


20 


3.9 


-3.2 


.0244 


.0242 


.0230 


.0204 


.0202 


.0206 


.(006 


.0205 


.0205 


-la- 


-1&5 


-ia4 


-156 


-15.3 


-109 


.0992 


.1051 


.0967 


.0900 


.0924 


.1011 


.0911 


.0815 


.0985 


-19.4 


-18.3 


4.6 


-1A3 


-19.2 


1.2 


. .0352 


.0930 


.0310 


.0223 


.0219 


.0220 


.0225 


.0223 


.0224 


-3C7 


-33.6 


-21.0 


-36.1 


-324 


—27. 8 


.4(06 


.4038 


.4059 


.4264 


,4293 


.4154 


.4262 


.4r4 


.4182 


a6 


&3 


23 


5.6 


5.8 


3.0 


. .0615 


.0003 


.0601 


.0718 


,0688 


0005 


.0714 


.now 


.0615 


1A7 


14.1 


. • 


lAl 


118 


23 


, .0662 


.OM? 


.0629 


,0008 


.0588 


.0541 


.0617 


.0601 


.0644 


-A2 


-9.1 


1.9 


-6.8 


—7.1 


7. 6 



Tilt II.— Coinpariwn of actoil ind projected enrollments Stale of CiUlamU, I9« (numbers In thousands) 



State total.. 

North Coist 

Sacramento Villey 

Mountain 

Sin Francisco Bay 

Central Coast 

San Joaquin VaHey 

Santa Barbara-Ventura 

Va§ AnSele<hLons Beach Metropolian 

Am 

San Dtefo Metropolitan Am 

Southe a st 



I3S7.7 


13S14 


11105 


14007 


12329 


1S.2 


14.7 


13.3 


226 


105 


76u7 


710 


617 


708 


68.4 


29.0 


29.5 


2A.4 


308 


208 


309.2 


2909 


2523 


3215 


2810 


319 


305 


215 


28.7 


24.9 


137.7 


127.0 


107.4 


1125 


101.6 


418 


41.5 


34.4 


31.4 


27.0 


5600 


501.0 


4509 


6000 


529.3 


814 


719 


607 


101.0 


84.8 


9L9 


81.5 


69.9 


815 


725 



11000 


1406.7 


12329 


11000 


1 4 


lOl 


21.7 


17.6 


17.4 


407 


61.9 


79.2 


68.4 


61.5 


27 


218 


21.7 


307 


25,0 


-28.3 


2420 


322.7 


2818 


2421 


5.3 


227 


29.0 


25.2 


225 


-153 


111.2 


114.1 


1005 


108.4 


-103 


24.2 


31.7 


27.5 


24.6 


-35.7 


4509 


599.5 


5209 


4600 


7.1 


606 


1004 


801 


67.7 


103 


705 


808 


74.1 


708 


-7.0 



-20 


-1.0 


t.4 


-20 


-1.0 


219 


36l1 


428 


19.7 


30.8 


-23 


-28 


23 


-23 


-15 


-22.0 


-23 


-212 


-22.4 


-5.3 


1.5 


-11 


14 


1.7 


-11 


-104 


-11.0 


-115 


-17.4 


-11.8 


-300 


3.5 


-17.1 


-309 


09 


-34.9 


-29.7 


-311 


-317 


-205 


13 


1.3 


7.1 


17 


20 


11.7 


-02 


17.6 


114 


IS 


-11.1 


09 


-5.5 


-9.1 


1.3 



Part in.— Mean, saandaid dertetlons; and coe fltelCTts of wWlon bi percent error of school 

enroUment projections 



CoefBcient estimates ^ Kntoilment estimates 

Projected linear Tojeefed rurrninear Pn^eeterl llneaf Projected curentnear 
^^4 VS 9-12 1-4 5-8 ^12 M 8-8 8-?2 1-4 5-9 9-12 



X, percent error 

8, percent error 

\% ooefBdent ol 



1A6 156 

14.4 tae 
.T7 .69 



9l3 17.1 

1Z4 111 

l.» .77 



14.9 9.6 

9l 9 10l5 

.66 1.09 



117 157 

111 159 

.75 .69 



9.2 :r3 

113 12.8 
1.34 .74 



159 9.0 

153 158 

.09 1.29 



ipermtcakolatcd on basis of actual rahMS. 

igSSertliwdmobtataedbyapfdyliistheiatlosstioimin table E-10 port I, 
to the State totals sboam In table 35, projection series D-1. 



Notts.— 1965 projected enronraent ratios derhed Irom actual rathr A the 
years 1917 lo 1959 industre. 



% 






I 

/ 




f 




4 4 • 



111 



Taiilk E-11. — ExponetUial nmoolhing trend rquationB for 
Slatiiitcal Area sharcM of total State Enrollment, State of 
California, period 1947^1060 



SutUtfeal area ■ 




.600 




.760 




A 


B 


C A 


D 


C 








Grades 1 to4 






North Coast . 




—.00096 


-.00016 . 01341 


-.00108 


—.00023 


Sacramento Valley*.. 


.0 M 7 O 


.00063 


.00011 .03577 


.00119 


.00034 


Moontaln 


.02149 


-.00039 


.00001 .02140 


-.00076 


—.00020 


San Francisco Day. . 


.22406 


-.00244 


-.00036 .22»3 


-.00242 


-.OOOM 


Central Coast 


.02404 


.00012 


.00003 .02309 


-.00007 


-.00004 


San ioaqafn Valley.. 


.10656 


-.00131 


.00032 . I 0 S 65 


-.00071 


.00093 


Santa Barbara* 












Ventura 


.02631 


.00166 


.00027 .00330 


.00168 


.00021 


Los Ansele»>Lonit 












Beach Metropolis 












tan Area 




-.00369 


-.00137 «0tS6 


-.00217 


-.00021 


Sa*k Diefo Metropoli* 












tan Area 


.OMM 


.00091 


-.00009 . 08472 


-.00021 


-.00077 


Southeast 


.osors 


"“.00078 


-.00030 . 00036 


-.09156 


-.00067 








OradesStoS 






North Coast 


.01416 


-.00024 


.ooro .01421 


-.00006 


.00010 


Sacramento VaQey. . * 


.05603 


.00120 


.00020 .06610 


.00145 


.09034 


Mountain. 


.02299 


-.00004 


.00015 .02290 


-.00003 


.00015 


San Francisco Day.. . 


.22643 


.00044 


-.00031 .22491 


-.001» 


-.00142 


Central Coast 




.00021 


.00009 .02361 


-.OOOM 


-.00007 


San Joaquin Valley. ^ 


.ions 


-.00197 


*00067 *10916 


-.00119 


.00103 


Santa Barbara* 












Ventura 


.02009 


.00170 


.00029 .02511 


.00171 


.00027 


Los Ange1es*Long 












Beach Metropoli* 












tan Area 


.40097 


-.00146 


-.00073 . 40036 


-.00005 


.00014 


San Diego Metropoli* 












tan Area 


.06192 


.00110 


-.00019 .06363 


-.00010 


—.00090 


Southeast 


.06003 


-.00040 


—.00009 .00000 


-.00062 


-.00014 


OradesSto 12 


North Coast. 


.0 I 3 S 1 


-.00081 


-.00011 .01351 


-.OOIBS 


-.00015 


Sacramento Valley... 


.0 H 88 


.00051 


.00007 . 05499 


.00093 


.00031 


Mountain 


.02303 


—.00086 


—.00003 .02370 


-.00059 


.00012 


San Ftandsco Bay. . . 


• 22$n 


.00348 


.00075 .22008 


.0 M 95 


.00158 


Central Coast 


.03230 


.00010 


.00008 .02250 


.00007 


.00006 


San Joaquin VaOey.. 


. I 0 S 30 


-.00193 


-.00013 .10640 


-.00362 


—.00009 


Sante Ba.*hara* 












Ventura.* 


.02127 


.00134 


.00022 .02430 


.00142 


.00026 



Los Angetes-tong 
Brsdi MetropliUit 

Arm 

Ssn Diego Metropolis 

Un Area 06241 

Southeast 06018 



40786 - 00286 -.00102 .40098 ^.00962 ^.OOlfi 



.00290 .00086 .0B228 

.00053 -.00020 .00011 



.00212 

.00064 



OOOlT 

.00038 




Taiile E-12. — Actual and projccltd enrollment by Stale ttatitUeal area, State of California, 1065, by 4-4-4 organization 

INumbers In thoimnds] 



Actual enroHment rrojcctnl enrollment, poimUtkm projection 0*1 1 Percent error 











.500 






.750 




.son 






.750 




M 


5-S 


1h\2 


M 


S-8 


9 12 


M 


5-8 


9-n 


1-4 5 8 


9-12 




5 8 


9-12 



North Coast 


IL2 


14.7 


113 


14.1 168 11.7 


112 


17.8 


11.3 


-7.2 


114 


-IZ5 


-IZ7 


31.1 


-110 


Sarramento Valley.. . . 


76u7 


rao 


617 


84.8 74.5 614 


67.8 


76 7 


6V2 


166 


64 


-ZO 


115 


9.6 


Z5 


Mountain 


29.0 


28.5 


28l4 


29.4 »7 210 


262 


29.1 


218 


1.3 


68 


-IZ9 


-9.9 


Zl 


-6 2 


San Francisco flay 


309.2 


2899 


252.3 


309.5 277.3 263.6 


3160 


364.5 


7711 


ai 


-1.3 


15 


63 


-18 


63 


Central Coast 


319 


3a5 


215 


316 365 215 


34.0 


267 


25 3 


11 


-62 


-61 


65 


-18 


-69 


San Joaquin Valley 


137.7 


I27.r 


107.4 


154.6 1361 102.4 


159.5 


136 4 


imo 


IZ3 


Z4 


-16 


118 


7.4 


-11 


Santa llarl»aniA‘entura 


418 


41.5 


34.4 


414 36 7 32.2 


44.6 


39.0 


3Z8 


-7.0 


-6 8 


-64 


-67 


-6 2 


-18 


Los Anftetes-Lon8 Hearh 




























MetmpntiUn Area 


5eao 


5010 


45a9 


8517 48Z 8 431 5 


567.7 


4960 


4263 


-1.1 


-10 


-14 


1.4 


-Z4 


-10 


San I)k#o Metropolitan 




























Arra 


85.4 


75.9 


66.7 


97.2 81.7 963 


87. 4 


714 


717 


118 


<. 4 


263 


Z3 


-13 


11.9 


Southeast 


91.9 


81.5 


09.9 


8Z4 71.9 615 


762 


71.5 


61.6 


-163 


-11.8 


-6 2 


-17.0 


-IZ2 


-11.9 


Total 


1387.7 


I2SA4 


ina5 14017 12319 iioao 


14067 


I23Z9 


11060 


1.4 


-ZO 


-69 


1.4 


-ZO 


-69 








Projected enrollment, population projection 1 A 11 1 






Percent error 














JSOO 




.750 






.509 






.750 










M 


5-8 9-12 


1-4 


5*8 


9-12 


1-4 


5>8 


9-12 


M 


5 8 


9-12 


KorthCottt 






14.2 


16.8 11.7 


113 


17.8 


11.3 


-6 8 


117 


-IZ6 


-IZ4 


21.4 


-110 


Sacramento V alley 






812 


74.6 62L4 


861 


769 


612 


II. 1 


66 


-Zl 


119 


9.8 


Z4 


Mountain. 






29..5 


26 8 23.0 


263 


29.2 


217 


1.7 


1.0 


-IZ9 


-9.5 


Z3 


-63 


San Francisco Bay 






3ias 


277.9 2615 


311.3 


365.0 


2ni 


0.5 


-l.l 


14 


67 


-16 


62 


Central Coast 






317 


365 215 


313 


268 


213 


15 


64 


-0.1 


69 


-16 


-1.0 


San ioaqtiln %’allf y 







iii2 


136 4 101 4 


1663 


1367 


I0Z9 


12L7 


Z6 


-16 


163 


7.6 


-11 


Santa Barhara-Ventuni 






416 


368 32.2 


418 


39.0 


3Z8 


-6 6 


-66 


-64 


-63 


-60 


-68 


tiOS Anreles-Loti8 Beach Metropolitan Area 


SSAO 


4819 4114 


5761 


497.1 


4261 


-6 7 


-18 


-14 


1.8 


-Zl 


-11 


San Dieyo Metropolitan Area.. 






97.6 


8K9 863 


87.7 


715 


717 


113 


60 


263 


Z7 


-11 


11.9 


Southeast 






SIS 


7Z0 615 


BL6 


71.7 


61.6 


-160 


-11.6 


-9.2 


-167 


-IZO 


-IZO 


Total 






I4IZ6 


12316 1099.7 1 


I4IZ6 


12316 


1099.7 


1.8 


-1.8 


-1.0 


1.8 


-1.8 


-1.0 



t Cilifomte Population Projection Scries 

TaUlk E-I3 . — Summary compati9on9 of projeelcd and 
observed shares and cnrollmenl by grade groups and 
Sfalislical Areasg California^ 1965 



Shares 



.500 


.750 


t-4 5-8 9-12 1-4 


5-8 9-12 













X, mean percent error 


.. 694 


*18 *28 *.29 


7.53 


675 


S. standard derlatlon p, nt error. . . 


.. 155 


4.71 8.08 8.SI 


673 


4.51 


V, ooeflident of variation 


.. .68 


.66 .88 .79 


.89 


.87 






Enrollment, Popujatlon 
Pndection f^l 








.500 


.750 






M 


5-8 9-12 1-4 


5-8 


9-12 


X, mean percent error 


.. 6.87 


5.86 7.59 8.3. 


7.59 


7.06 


S, standard deviation percent error 


.. 165 


4.53 5.85 8.34 


142 


134 


V. coefficient of variation 


.68 


.80 .77 .76 


.71 


.61 



EnroDment, Population 
Projlection I A II 



.500 


.750 


1-4 5-8 9-12 1-4 


5*8 9-12 



X| mean percent error 


— 6.98 


172 


7.61 


8.43 


7.56 


7.37 


S, standa^ deviation percent error. . . 


.. 172 


152 


184 


619 


151 


688 


V% coefficient of variation 


.. .08 


.79 


.77 


.73 


.73 


.55 




113 



Taiikk K-14. — Exponential smoothing trend equations for 
Statistieal Area shares of total State enrollment , and I98C 
projected sharrst State of California, data period I047--I966 



.50 Bin oothinR constant .75 smoothlnn constant 





A 


11 


C 


A 


B 


C 








Grades 1 to 4 






North Coast 


0.01069 


-0.00016 


0.00009 


0. 01070 


-a 00012 


0.00010 


Sacramento Valley. 


.05515 


-.00019 


-.00004 


.05521 


.00002 


.00007 


Mountain 


.02055 


-.00009 


.00002 


.02061 


-.00030 


-.00011 


San Francisco Bay. 


.22441 


.00089 


.00031 


.22466 


.00205 


.00101 


Central Coast 

San Joaquin 


.02468 


.00028 


.00005 


.02470 


.00037 


.00010 


Valley 

Santa Barbara- 


.CB904 


.00016 


.00048 


.09912 


.00036 


.00056 


Ventura 

tos Angeles-Long 
Beach Metro- 


.09006 


.00117 


-.00013 


.09501 


.00056 


-.00048 


politan Area 

.•*an Diego Metro- 


.40072 


-.00248 


-.00063 


.40040 


-.00378 


-.00137 


politan Area 


.06237 


.00015 


.00012 


.06368 


.00143 


.00086 


Southeast 


.05616 


.00050 


—.00009 


.06591 


-.00055 


-.00071 



Tablk E-14. — Exponential smoe^hing trend equations for 
Statist ieal Area shares of total State enrollment, and 1980 
projeeted shares, Stotc of California, data period 1947- 
1966 — Continued 



1980 projected shares 



I to 4 5 to 8 9 to 12 



.500 


.750 


.500 


.750 


.500 


.750 



North Coast 


.. 0.0165 


0.0175 


0.0121 


0.0117 


0.0016 


0. 0100 


Sacramento Valley 


.. .0474 


.0589 


.0407 


.0515 


.0183 


.0185 


.Mountain 


.. .0210 


.0057 


.0190 


.0064 


.0142 


.0138 


San Francisco Bay 


,. .2620 


.3337 


.2226 


.2723 


.2027 


.2365 


Central Coast 




.0377 


.0301 


.0309 


.0254 


.0467 


San Joaquin Valley 


.. .1458 


.1511 


.1090 


.0730 


.1283 


.1560 


Santa Barbara-Ventura.... 


.. .0386 


.0148 


.0467 


.0203 


.0588 


.0027 


Los Angeles-Long Beach 
Metropolitan Area 


.. .2984 


.2023 


.3750 


.3682 


.3753 


.3690 


San Diego Metropolitan 
Area 


. .0744 


.1581 


.0739 


.1398 


.1370 


.1083 


Southeast 




.0202 


.0703 


.0259 


.0355 


.0385 



Grades 5 to 8 



North Coast 


aoil30 


-a00025 


anooo4 


0.01130 


-0.00025 


0.00004 


Sacramento Valley. 


.05526 


-.00039 


-.no009 


.05531 


—.00022 


-.00000 


Mountain 


.02235 


-.00017 


-.00001 


.02230 


-.00035 


-.00011 


San Frandsco Bay. 


.22341 


-.00013 


.00000 


.22360 


.00063 


.00043 


Central Coast 

San Joaquin 


.02440 


.00021 


.00003 


.02440 


.00023 


.00004 


Valley 

Santa Barbara- 


.09942 


-.00094 


.00023 


.09932 


-.00142 


—.00006 


Ventura 

Los Angeles-Long 
Beach Metro- 


.03410 


.00126 


-.00005 


.03400 


.00088 


-.00026 


politan Area 

San Diego Metro- 


.40962 


-.00043 


-.00024 


.40357 


-.00052 


-.00025 


politan Area 


.05104 


.00021 


.00010 


.06129 


.00118 


.00065 


Southeast 


.06496 


.00058 


—.00003 


.06481 


-.00004 


—.00039 



Grades 9 to 12 



North Coast 


a 01 I 48 


-.00052 


-a 00004 


0.01180 


- aooo22 


aooooi 


Sacramento V alley. 


.05593 


-.00098 


-.00024 


.05670 


-.00065 


—.00030 


Mountain 


.02313 


-.00040 


-. 000(0 


.02370 


-.00010 


—.00009 


San Frandsoo Bay. 


.22732 


-.00043 


-.00018 


.22717 


-.00025 


.00014 


Central Coast 

San Joaquin 


.02313 


.00009 


.00001 


.02350 


.00056 


.00016 


Valley 

Santa Barbara- 


.09647 


—.00020 


.00036 


.09681 


.00050 


.00054 


V*entura 

Los Arigeles-Long 
Beach Metro- 


.03199 


.00142 


.00007 


.(0151 


.00040 


-.00035 


politan Area 

San Diego Metro- 


.40483 


-.00084 


-.00017 


.40542 


-.00050 


-.00028 


politan Area. 


.06382 


.00246 


.00040 


.00038 


.00030 


.00045 


Southeast. 


.06184 


-.00059 


-.00018 


• 06301 


.00005 


—.00026 



Taiilk K-lTi. — Koria/ion among grade groups, projected 
1980 shares. State of California, O.SOO smoothing eonstanl 



Shores Proportion of 

averaRo 



1-4 5-8 9-12 Aver- 1-4 5-8 9-12 

OR6 

(a) (b) (c) (d) (e) (0 (r) 



North Coast aoi65 aoi21 0.0046 O.Ottl 1.486 t.090 0.414 

Sacramento Vatler 0174 . 0407 . 0183 . 0355 1.335 t.I40 .515 

MounUIn 0210 .0190 .0142 .0181 1.160 l.OSO .785 

San Francisco Bar 2620 . 2226 . 2027 . 2291 1.144 . 071 .885 

Central Coast 0332 . 0301 .0254 . 0296 1.122 1.017 . 858 

San Joaquin Valter 1458 .1096 .1283 .1279 1.140 .857 1.003 

Santa Barbara-Ventma. .0386 .0467 .0588 .0480 .804 .973 1.225 

Los AtiReles-LonR 
Beach Metropolitan 

Area 2984 . 3750 . 3752 . 3495 . 854 1.073 1.074 

San Diego Metropoli- 
tan Area 0744 .0739 .1370 .0951 .782 .777 1.441 

Southeast 0627 .0703 .0355 .0^62 1.116 1.250 .632 




Appendix F 



THE MULTIPLE REGRESSION APPROACH 



The idea behind this approach is simple enough ; 
we seek out a number of factors in an effort to 
ex|)lain changes in the pro|)ortion of the State’s 
enrollment found in a given county. For examj)le, 
one county might have a continuously higher birth 
rate and thus have a higher proportion of children 
enrolled in public school. Accordingly, this aj)- 
|)roach was tried for Maryland. Unfortunately, it 
did not provide projections more accurate than 
those obtained from the procedures discussed in 
chapters 5 to 8. Furthermore, the amount of 
pre|)aration involved in using it is very consid- 
erable. Nevertheless, with the thought that it 
might prove to be useful in some other States, we 
are presenting it here. Only empirical testing be- 
yond the scope of this study will determine how 
useful it may turn out to be. 

The multiple regression equation or “cohort- 
ratio” is derived from the observed relationship 
of the changes in a number of different sympto- 
matic data series to changes in shares of total 
school enrollment accounted for by a local political 
unit. In the case of the Maryland tests, there 
were three dependent variables for each of the 
24 counties representing the three grade 
groups — the “4-4-4” organization of enrollment. 
Each dependent or “Y” variable in the regression 
equation represents the ratio of the county’s share 
of the total State enrollment in a given year; for 
example, .1956 to its share in the following year, 
1957. Thus for each grade-grouping, and each 
county in the experiments, there was a total of 
10 dependent variables representing cohort-ratios 
for the years 1956 to 1966. The independent or 
“X” variables are expressed in the same way. 
The “X” variables in the experiments were: 



Variable: SymM 

Resident Births by County X, 

Resident Deaths by County Xj 

Retail Sales by County Xs 

Number of Households by County X, 

Etloctivn Buying Income by County.. Xj 

Resident Income Tax Returns filed by County. X» 

Registered Private Vehicles by County X? 

Resident Income Paid by County Xn 



A total of 75 multi|)le regression equations were 
derived from the basic data. Each of the 24 
counties had three multiple regression equations 
fitted to the basic data — one for each of the three 
grade groupings. In addition, all the data points 
for all the counties were used to derive three 
separate multiple regression equations for the 
State of Maryland. The object of the 25th set of 
estimating equations was to test the forecasting 
efficiency of the “State” versus the individually 
tailored county forecasting enrollment ratios. As 
an example of the application of the technique, 
the results of the regression analyses are shown in 
tables F— 1 to F-8 and cover the years 1956 to 
1962, inclusive, for Calvert County, Md. 

For making projections of school enrollment, it 
is only necessary to project each of the independent 
variables to the target date. Then, utilizing the 
multiple regression equation constants, the 
county’s share of the total State enrollment is 
ultimately obtained. 

Specific Steps in the Approach 

There are a total of seven steps in the use of 
the multiple-regression or cohort-ratio approach. 

Step 1. The com])ilation and computation of the 
shares of State annual series on school enrollment, 
the dependent or “Y” variables, and the inde- 
pendent or “X” variables described next. 



Step 2. Computation of the cohort ratios of the 
dependent and independent variables. 

Step 3. Development of multiple regre.ssion 
estimating relationships of the cohort ratio of 
county share of total State school enrollment, 
using the annual series of data for the independent 
or “X” variables developed in Step 2. This was 
accomplished for the three grade groupings for 
each county and for the “State.” 

Step 4. Fitting statistical trend functions to the 
significant independent or “X” variables derived 
in Step 3. 

Step 5. Extrapolation of trend functions of 
significant independent or “X” variables derived 
in Step 3. 

Step 6. Solution of multiple regression equation 
derived in Step 3, using projected values for 
significant independent or “X” variables derived 
in Step 5. 

Step 7. Application of j)rojected county enroll- 
ment shores of total State enrollment to inde- 
pendently derived total State enrollment 
l)rojections. 

Data Base Development and Description 

In order to implement the school enrollment 
ratio, cohort-ratio multiple r^ession approach 
for Maryland, several historical series on demo- 
graphic and economic changes in the counties had 
to be develoj)ed. The historical period covered in 
the tests was from 1955 to 1966. 

The several demographic and economic historical 
series were derived from a variety of public and 
private published and unpublished sources. 

County school enrollment ratios for grade 
groups 1-4, 5-8 and 9-12 were derived from 
Statistics on Enrollment and Number of Schools, 
Public and Nonpublic, State of Maryland, pub- 
lished annually by the Division of Research and 
Development, Maryland State Department of 
Education. 

Resident births and deaths by county in Mary- 
land, covering the period from 1955 to 1966, were 
derived from unpublbhed vital statistics series 
provided the project and prepared by the Divi- 
sion of Biostatistics, Department of Health, State 
of Maryland. 

Statistics on the number of privately roistered 
automobiles by county for the period 1955 to 1966 
’ were obtained from the Director of Public In- 
formation, Department of Motor Vehicles, State 
of Maryland. The tallies for each county repre- 



sented the total number of privately owned motor 
vehicles roistered ns of April 30 in each year. 

Historical series on the number of households, 
volume of retail sales, and effective buying income 
per household for counties an Maryland, were 
derived from data published annually in the 
“Survey of Buying Power” published by Sales 
Management magazine about the second week in 
June. The data published cover each State, county 
and State of Maryland Statistical Areas (SMSA). 

Data on the annual number of resident income 
tax returns filed by county in Maryland, os well 
ns the residential income tax take per county, 
were derived from Resident Income Tax Returns 

for the Year , published by the Comptroller 

of the Treasuiy, Income Tax Division, State of 
Maryland. The summary report on the volume of 
resident income tax returns filed by county cov- 
ered the period from 1959 to 1965, To fill in the 
gaps, trend lines were fitted to the available data 
for each county and estimates derived for the 
years 1956 to 1958 and 1966. 

Two additional historical series were considered 
originally for the analysis, but were dropped sub- 
sequently because of significant lacunae in the 
data. U.S. Bureau of the Census, Construction Re- 
ports, Building Permits, Series C-40, contains 
monthly and annual summaries of building per- 
mits let by permit-issuing places in the United 
States. Out of the 24 counties in Maryland, only 
15 were effectively covered under the Census 
series. Collection of building ])ermit data from 
the counties was considered impractical and time 
consuming. U.S. Bureau of the Census, County 
Business Patterns, contains fairly detailed data on 
the industrial afiiliation of the labor force of each 
county in the United States and would have 
proved of some assistance in the Maryland tests. 
However, the series has been published continu- 
ously and annually only since 1964. Prior to that 
lime, the series was published eveiy 3 years. A 
check with the State of Maryland, Bureau of 
Employment Security, revealed that continuous 
historical data on labor force composition by 
county was available only for the counties com- 
prising the Baltimore SMSA and for Allegany 
and Washington, the latter desigi\ated os eco- 
nomically distressed areas in the Ai)palachia 
Program of the U.S. Department of Commerce, 
Economic Development Administration. At some 
future date, the U.S. Census County Business 
Patterns labor force estimates by county should 
be considered os a substitute or additional hide- 
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l)eiident variable for possible inclusion in the 
county level school enrollment cohort-ratio mul- 
tiple regression estimating relationships. 

Data on utility installations by county were not 



considered feasible for the purposes of the tests. 
The costs of collecting the data annually, with 
the exception of telephone installations, by county 
in Maryland would be prohibitive. 



Table F-1. — Shares of total State enrollment, demographic and economic characteristics, 

Calvert County, Md,, 1966 to 1966 



1056 1057 1058 1050 1060 1001 mi 1063 1064 1065 



Grades 1-4 0.0077 0,0070 0,0083 0.0083 0.0084 0.0085 0.0082 0.0082 0.0082 0.0078 

Grades 5-8 0075 .0071 .0071 .0072 .0071 .«^75 . 0076 . 0073 . 0074 . 0074 

G radcs 9-12. 0060 . 0073 . 0064 . 0062 . 0006 . 0062 . 0050 . 0061 . 0062 . 0056 

Births 0057 . 0062 . 0055 . 0059 . 0059 . 0058 . 0065 .0065 . 0059 . 0063 

Deaths 0053 . 0054 . 0060 . 0049 . 0054 . 0048 . 0052 . 0055* . 0048 . 0059 

Private registered veliicics 0046 .0045 .0046 . 0035 . 0047 .0047 .0047 .0048 . 0047 .0047 

Number of households 0041 .0044 . 0043 . 0041 . 0043 . 0044 . 0045 . 0045 . 0047 . 0047 

Private income taxes Died 0022 . 0026 . 0030 . 0031 .0032 . 0032 . 0035 . 0030 . 0038 . 0038 



Souices: See text. 



Table F-2.— CoAorf ratios of shares of total State enrollment, demographic and economic 
characteristics, Calvert County, Md., 1966 to 1966 



1957/ 1058/ 1050/ 1900/ 1961/ 1062/ 1063/ 1064/ 1965/ 1006/ 

1056 1950 1058 1959 1960 1061 1062 1063 1064 1965 



Grades 1-4 1.0260 1.0506 1.0000 1.0120 1.0119 0.9647 1.0000 1.0000 0.9512 0.9358 

Grades 5-8 9467 1.0000 1.0141 .9861 1.0563 1.0133 . 9605 1.0137 1.0000 . 9730 

Grades9-12 1.0580 .8767 .9688 1.0645 .9394 .9516 1.0339 1.0164 .9032 1.1250 

Births 1.0877 . 8871 1.0727 1.0000 . 9831 1.1207 1.0000 . 9077 1.0678 1.0159 

Deaths 1.0189 1.1111 .8167 1. 1020 . 8889 1.0833 1.0577 . 8727 1.2292 1.0000 

Private registered vehicles 9782 1.0222 1.0000 . 7608 1.3428 1.0000 1.0212 . 9791 1.0000 . 9787 

Number of households 1.0732 . 9773 . 9535 1.0488 1.0232 1.0227 1.0000 1.0444 1.0000 . 9574 

Private income taxes Died 1.1818 1.1538 1.0333 1.0322 1.0000 1.0937 1.0286 1.0555 1.0000 1.0000 



Source: Table F-1. 



Tadlb F-3. — Partial regression and correlation coefficients, 
Calvert County, Md., grades 1 to 4$ ^066 to 1962 



Variables 


Partial 
regres- 
sion co- 
efficients 


Partial 
correla- 
tion co- 
efficients 


Beta 

values 


t- values 


Point 

elas- 

ticities 


Con- 

tribution 

toRi 


Xi 




-a8304 


-1.0324 


-2.1076 


-a 3490 


-a6668 


Xi 




-.4802 


-.4463 


-.7741 


-. 1030 


-.0000 


Xi 


.. -.0466 


-.3944 


-.3012 


-.60r?0 


-.0470 


-.0553 


Xt 


.. .2613 


.5162 


.4067 


.8525 


.2626 


-.1091 



Intercept; 1.2479. 

Multiple correlation ooefllcient^R; a8365. 
Coefneient of determination— R<; 0.6098. 
Stondord error of estimate— Se; 0.0250. 
F-volue; 1.1654. 



Table F-4. — Partial regression and correlation coefficients 
Calvert County, Md., grades 5 to 6, 1966 to 1962 



Variables 


Partial Partial 
regres- correla- 
Sion CO- tion co- 
efficients efficients 


Beta 

values 


t-values 


Point 

elas- 

ticities 


Con- 
tribution 
to Rs 


Xi 


.. -a 0217 


-0.0506 


-a 0467 


-0.0716 


-0.0222 


-a 0014 


Xi- 


.. -.0525 


-.1493 


-. 1639 


-.2136 


-.0533 


-0.0121 


Xi 


.1066 


.4682 


.4948 


.7494 


.1088 


-.1403 


Xt.., 


,. -.1799 


-.2186 


-.2011 


-.3168 


-. 1830 


-.2011 



Intercept; 1.1460. 

Multiple correlation coefficient— R; 0.6844. 
Coefficient of determination— R^ 0.4684. 
Standard error of estimate— Se; OD463. 
F-value; 0.4406. 
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Table F-5. — Partial regression and eorrelaiion coeffieients, 
Cahert County, Md,, grades 9 to 12, 1956 to 1962 



Variables 


Partial Partial 
regres- correla* 
Sion CO- tion co- 
efllcicnts efBcients 


Beta 

values 


t-values 


Point 

elas- 

ticities 


Con- 
tribution 
to R> 





.. -0.0025 


-0.0041 


-0.0028 


-a 0058 


-a 0025 


-a 0000 


Xs 


.. -.2933 


-. 5150 


-.4805 


-.8407 


-. 3012 


-. 1043 


Xe 


.. -.2677 


-.6883 


-.6529 


-1.3417 


-. 2767 


-.2599 


X7 


. 1. 1640 


.7185 


.6836 


1.4608 


1. 1987 


-.3081 



Intercept; 0.3759. 

Multiple correlation cocfllcicnt— R 0.8433. 

Coenicient of determination— 0.7112. 

Standard error of estimate— So 0.0650. 

F-value; 1.2315. 

Table F-C. — Trend equations * and eslimaied values for 
shares of total Slatc\ demographie and economic character^ 
istics, Calvert County, Md, 



Estimated values 
shores 







1662 


1965 


Cohort 
ratios < 


Births 


V«0.0058+0.00007z 


aoo6o 


a0062 


1.0327 


Deaths 


y-0.0053-0.00008r 


.0051 


.0048 


.0412 


Private registered 
vehicles. 


V..O.OO46-O.OO00U 


.0M5 


.0044 


.9777 


Number of households.. . . 


V-0.0043+0.00004Z 


.0044 


.0045 


1.0227 


Private income taxes filed. 


VO0.00304.0.0002C 


.0030 


.0042 


1. 1666 



1 Of the formula y^a-^bx 

where y»sharo of total State characteristic 

o*constant 
6-slope 

X- number of years 

Trend lino wos fitted to share data over period from 1057 to 1062. 

> Computed by dividing 1965 estimated value by 1062 estimated value. 



Table F-7. — Derivation of 1966 to 1962, enrollmcnl group 
cohort-ratio multiple regression, Calvert County, Md. 





(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 




Esti- 


Grades 




Grades 




Grades 






mated 


1-4. 


((1) 


5-8. 


((1) 


9-12. 


((1) 


Coefllcicnts 


65/02 


esti- 


X 


esti- 


X 


esti- 


X 




cohort 


mating 


(2» 


mating 


(4» 


mating 


(6» 




ratios 


rela- 




rela- 


rela- 






tions 




tions 




tions 




a/Constnnt 




1.2479 


1.2470 


1. 1460 


1.1460 


0.3759 


0.3759 


Xi/BIrtlis 

X*/Privoto 


1.0327 


-.3448 


-.3561 


-.0217 


-. 0224 


-.0025 


-.0026 


registered 
vehicles 


.9412 


-.1028 


-.0987 


-.0525 


-.0494 


-.2933 


-.2760 


Xe/Number of 
households.. 
Xr/I’rivato in- 


.9777 


-.0466 


-.0450 


.1066 


. 1042 


-.2677 


-.2617 


come taxes 
filed 


1.0227 


.2613 


.2672 


-.1700 


-. 1840 


1. 1640 


1. 1004 


Sum 




1.0130 , 




0.0085 






1.0260 



Table Projection of 1966 enrollment shares, by 

cohort ratios, **4”4”4** grade organization of enrollment, 
Calvert County, Md. 


Grade 

groups 


(1) 

1962 enroll- 
ment share 


(2) 

Estimation, 
1065/1062 
cohort ratio 


(3) 

((1) X (2)) 


(4) 

Actual 1065 
enrollment 
ratio 


1-4 


0.0082 


1.0130 


a0083 


0.0078 


5-8 


.0076 


.9085 


.0076 


.0074 


9-12 


.0050 


1.0260 


.0061 


.0056 



ns 
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